Radial Pulse Type Changed by the Applied Pressure in Same Position
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Abstract— It has been shown that the systolic augmentation
index (AI) in the central arteries, including the aorta and ca-
rotid arteries, changes with age. The Al can also be obtained
from the peripheral arteries. And recently some investigations
prove that simple and easily-obtainable radial Al is also age-
dependent and could be a useful index of vascular aging. A
new method to measure pulse waveform by multi-step pres-
sure applied on radial artery was developed by DAEYOMEDI
Co., Ltd. This system borrowed a robot arm for applying
precision pressure to take pulses stably and to find out a repre-
sentative pulse waveform. Radial arterial waveforms were
obtained from 45 subjects with no cardiovascular disease and
from 56 subjects with hypertension by using radial tonometer
(DMP-3000(with five pressure steps). In this study, it was
founded that radial pulse waveform types could be changed by
the applied pressure and that the waveform types were differ-
ent between healthy young people and hypertension patients.
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I. INTRODUCTION

The augmentation index (Al) is generally defined as an
index of augmentation of central blood pressure in aorta and
carotid arteries during systole, when pressure waves were
reflected from the periphery (mainly from the lower body)
[1]. Increased aortic and carotid arterial Al is associated
with the risk of cardiovascular disease [2,3], mortality and
morbidity [4,5]. The most widely used approach for deter-
mining central arterial Al is to calculate the aortic pressure
waveform from radial arterial waveforms using a transfer
function, because the measurement of aortic or carotid ar-
tery pulse waves by applanation tonometry requires techni-
cal expertise and can cause uncomfortable for patients.
Because Al can also be obtained from radial arterial wave-
form, radial Al itself could provide information on vascular

aging.

Several researchers have indicated that this transfer
function (radial artery to aorta) has large variation between-
subjects [6], and therefore, synthesized aortic Al from radial
pressure waveforms using a transfer function had no signifi-
cant correlation with Al from invasively measured aortic

pressure waves [7]. A recent study reported that Al has
significant variation with the measuring position even in the
same person’s radial artery.[8]

We thought this variation might be caused from meas-
urement method. There are now two methods of measuring
radial artery waveform. The first method is to use a hand-
held pen-type tonometer and to self-evaluate the measured
data from operator index. The second one is a semiauto-
matic method that is programmed to determine automati-
cally the pressure against the radial artery to obtain the
optimal radial arterial waveform. But both of them cannot
recognize the change of waveform by the applied pressure
and the pattern of change is relying on the subject’s charac-
teristics. In a previous study we used a new method to vali-
date the device by measuring radial waveforms, and ob-
served change of waveform and variation of radial Al in
same position by the applied pressure.[9]

In this study we defined radial pulse types in view of pe-
ripheral reflected waves and observed them in two groups,
young healthy group and elderly hypertension group.

II. METHODS

A. Subjects

For the healthy group, a total of 45 young healthy adults
(30 men and 15 women, age 21-38 years, height
169.53+ 7.89 cm, weight 62.91 1 12.72 kg; mean £ SD)
underwent seated radial waveform measurements. They had
no history of cardiovascular disease, diabetes, or hyperlipi-
demia. This study was reviewed and approved by the local
Institutional Review Board.

For the hypertension group, a total of 56 hypertensive
adults (23 men and 34 women, age 40-78 years, height
161.05+ 8.87 cm, weight 65.77 & 10.97 kg; mean £ SD)
underwent seated radial waveform measurements. This
study was reviewed and approved by the Dongkuk Univer-
sity Hospital Institutional Review Board.
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B. Measurements

Blood pressure (BP) was measured on the left upper arm
using an oscillometric method after 5 min of rest in the
sitting position (HEM-780; Omron Healthcare Co., Ltd.,
Kyoto, Japan). Immediately after measuring BP, the left
radial arterial waveform was measured using the tonometric
method. We used a multi-step pressure method (DMP-3000;
DAEYOMEDI Co., Ltd. Ansan, Korea).

DMP-3000 has robotics mechanism to scan and trace
automatically the blood vessel’s position accurately and to
apply pressure to take a multi-step waveforms in stable. The
arterial tonometry sensor, incorporating an array of 5 pie-
zoresistive semiconductor transducers, was designed to find
out blood vessel’s position accurately and take pulses. This
device put the sensor on the left radial artery and applied
pressure at multi-steps of 50g, 90g, 140g, 190g, and 240g.
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Fig. 2 The measured pulse waveforms applied by multi-step pressure.
Each step took pulses in 5 seconds. (a) Response patterns by multi-step
pressure of 190g , and (b)50g. Each pattern has a relation with the subject’s
individual characteristics.

Radial arterial pressure waveforms were recorded for 5
seconds for each step. The first and second peaks of systolic
and diastolic pressure were automatically detected using
fourth derivatives for each radial arterial waveform and
averaged. In DMP-3000 this procedure was repeated 5
times depending on five steps of the applied pressure. So we
could obtain 5 different radial pulse waveforms for the same
position of the same person at different applied pressure.
The representative pulse waveform was selected by order of
measured pulse height. This method is based on the meas-
urement method of oscillometric blood pressure.

IFMBE Proceedings Vol. 25

47

Fig. 3 Diagram of the general method of detecting oscillometric blood
pressure .

In peak detecting process, the second peak could not be
defined in some pulses, because of no significant peak
evenly found using the fourth derivative method. So we
defined radial pulse types in 3 categories to calculate Ra-
dial-Al

Type 1 has significant second peak, Type 2 has no sig-
nificant second peak but has inflection point, and Type 3
has no significant second peak and no significant inflection
point until the end of systolic period. All pulse types are
shown in Figure 4. DMP-3000 automatically classifies pulse
type and calculates Radial-Al
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Fig. 4 Diagrams of the three defined pulse types.
C. Statistical Analysis
All values were expressed as mean £ SD, if not specified.

The difference between men and women was evaluated by
analysis of variance. Kruskal-Wallis test was performed to
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find out change of Al by the applied pressure. Pulse type
occupancy was plotted in pie chart. All statistical analyses
were performed using the Minitab statistical software pack-
age (MINITAB Corp., Pennsylvania, USA). A probability
value of P<.05 was considered to be statistically significant.

D. Results

As shown in Table 1, in normal healthy group, height,
body weight, BMI, and systolic blood pressures were lower
in women than those in men (P<0.001 for all), and radial Al
was higher in women than that in men (P<0.01 for all).
Heart rate in men was higher than that in women and the
applied pressure of the representative pulse in men was
lower than that in women (p<0.05 for all).

Table 1. Selected physiological characteristics of normal healthy group

Male Female
Age(years) 2580£7.04 25061 3.68
Height(cm) 173451574 160.80 L 4.19 ***
Weight(kg) 68.90F 1071  50.33 1 434 #xx
Body Mass Index 22841294 1945 1.2 #xx
Heart rate(beat min™) 68.10 1 12.04  74.40% 8.74 %
Systolic BP(mmHg) 119.471£ 1092  101.17F 9.62 #**
Diastolic BP(mmHg) 69.45 1+ 8.06 66.60 = 7.04
Radial AI (%) 4569 16.16  54.86 L 12.89 **
Applied pressure (g) 1847714031 163.93 1 33.96 *

Data are mean T+ SD. *P<0.05; **P<0.01; ***P<0.001, versus male.

As shown in Table 2, in hypertensive group, height, body
weight, and systolic blood pressure were lower in women
than those in men (P<0.001 for all). Others have no sig-
nificant differences between women and men in hyperten-
sive group.

Table 2. Selected physiological characteristics of hypertensive group

Male Female
Age(years) 5965F£ 1124  58.6419.79
Height(cm) 169.651 528 15521 F 528 ***
Weight(kg) 73.4319.18 60.67 1 9.2 #xx
Body Mass Index 25481247  2513%3.09
Heart rate(beat min™) 66.13%9.56 62.70E 8.16
Systolic BP(mmHg) 133741 1322 12467 12,19 *
Diastolic BP(mmHg) 81.22F11.79 7679 £ 8.12
Radial AI (%) 8738 X 11.04 93.24% 17.03
Applied pressure (g) 126.17136.48  108.67 X 31.67

Data are mean T SD. *P<0.05; **P<0.01; ***P<0.001, versus male.
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Result of Kruskal-Wallis test of Al for the applied pres-
sure is shown in Table 3, and we could find out that Al was
inversely proportional to the applied pressure.

Table 3. Result of Kruskal-Wallis test in normal health group for all 5
step pressure. (H : test statistics , DF : degree of freedom)

Normal healthy Median Averagerank 7

Step 1 (50g) 64.50 306.3 6.42

Step 2 (90g) 56.95 277.9 4.28

Step 3 (140g) 50.20 228.8 0.23

Step 4 (190g) 45.50 182.9 -3.55

Step 5 (240g) 38.40 134.2 -7.36
H=101.55 DF =4 P =0.000
H=101.55 DF=4 P =0.000

Hypertensive Median Averagerank  Z

Step 1 (50g) 91.25 131.2 0.65

Step 2 (90g) 91.95 140.2 1.72

Step 3 (140g) 91.00 141.0 1.82

Step 4 (190g) 84.10 108.7 -1.72

Step 5 (240g) 84.20 93.7 -2.99

H=15.18 DF =4 P =0.004
H=15.19 DF=4 P=10.004
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Pie charts of the pulse type occupancy are shown in Fig-
ure 5.

Pie Chart of Pulse Type (Normal Helathy Group)
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Pie Chart of Pulse Type (Hypertensive Group)
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Fig. 5 Pie charts of pulse type occupancy in normal healthy group(a) and
hypertensive group(b)

III. CoNcLusioNs

In the present study, we defined the radial pulse wave-
form types in view of peripheral reflected waves. All three
types of pulses were defined and observed in normal
healthy and hypertensive groups. Physical characteristics in
the hypertensive group had no significant differences be-
tween women and men. We found out that the measured
pulse types were changed by the applied pressure in the
same position. Especially Type 3 was not observed all in
sub-groups. Normal healthy group had more people of pulse
Type 1 than hypertensive group did. Normal healthy group
had a representative pulse near the applied pressure step of
3 or 4. In step 3 pulse Type 1 had 60.6% and in step 4 pulse
Type 1 had 73.3% occupancy. In hypertensive group a rep-
resentative pulse was shown in step 2 and 3. In step 2 pulse
Type 1 had 29.8%, in step 3 pulse Type 1 had 52.6% occu-
pancy. In hypertensive group, many cases showed no pulse
detect in step 4 and step 5. Radial Al was inversely propor-
tional to the applied pressure especially in young healthy
population.

Further study is required to determine the optimal pres-
sure applied for cardiac diseases, and to develop hemody-
namic theory to analyze the change of pulse types and the
pulse waveform characteristics in the same position of the
same person.

IFMBE Proceedings Vol. 25

49

ACKNOWLEDGMENT

This study has been supported from Ministry of Health, Welfare and
Family Affairs of KOREA. [No:B080011]

REFERENCES

1. Nichols W, O’Rourke MF. McDonald’s blood flow in arteries. Lon-
don:Arnold; 1998.

2. Nurnberger J, Keflioglu-Scheiber A, Opazo Saez AM, Wenzel RR,
Philipp T,Schafers RF. Augmentation index is associated with cardio-
vascular risk.J Hypertens 2002; 20:2407-2414.

3. Weber T, Auer J,O0’Rourke MF, Kvas E, Lassnig E, Berent R, Eber B.
Arterial stiffness, wave reflections, and the risk of coronary artery
disease. Circulation 2004; 109:184-189.

4. London GM, Blacher J, Pannier B, Guerin AP, Marchais SJ, Safar
ME. Arterial wave reflections and survival in end-stage renal failure.
Hypertension 2001; 38:434-438.

5. Weber T, Auer J,O0’Rourke MF, Kvas E, Lassnig E, Lamm G, et al.
Increased arterial wave reflections predict severe cardiovascular
events in patients undergoing percutaneous coronary interventions.
Europe Heart J 2005; 26:2657-2663.

6. Chen CH, Nevo E, Fetics B, Pak PH, Yin FC, Maughan WL, Kass
DA. Estimation of central aortic pressure waveform by mathematical
transformation of radial tonometry pressure. Validation of generalized
transfer function. Circulation 1997; 95:1827-1836.

7.  Hope SA, Tay DB, Meredith IT, Cameron JD. Use of arterial transfer
functions for the derivation of aortic waveform characteristics. J Hy-
pertension 2003; 21:1299-1305.

8. Lee Jeon, Lee Yujumg, Jeon Youngju, Lee Haejung. An example of
test on differences of pulse waveform characteristics at Cun, Guan
and Chi. Korean journal of oriental medicine Vol.14 No.2 2008;107-
112

9. HeeJung Kang, Y Lee, K Kim and C Han. A Comparative study of
methods on measurement of peripheral pulse waveform. The Journal
of Korean oriental medicine Vol. 30. No.3 2009;98-105

10. Kohara K, Tabara Y, Oshiumi A, Miyawaki Y, Kobayashi T, Miki T.
Radial augmentation index: a useful and easily obtainable parameter
for vascular aging. Am J Hypertens 2005; 18:11S-14S.

11. Katsuhiko Kohara, Yasuharu Tabara, Akira Oshiumi, Yoshinori
Miyawaki, Tatsuya Kobayashi, and Tetsuro Miki. Radial Augmenta-
tion Index: A Useful and Easily Obtainable Parameter for Vascular
Aging. AJH 2005; 18:11S—-14S.

Author: HeeJung Kang

Institute: DAEYOMEDI Co., Ltd.

Street:  Hanyang University BI Center 521
City: Ansan

Country: KOREA

Email:  sejongc@empal.com

Author:  Kyungchul Kim
Institute: DeongEui University

Street:  San 24, JingGu
City: Busan

Country: KOREA

Email:  kimkc@deu.ac.kr





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




