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Can the Timing-Characteristics of Phonocardiographic Signal be
Used for Cuffless Systolic Blood Pressure Estimation?

M.Y.M. Wong, C. C. Y. Poon and Y. T. Zhang

Abstract—Continuous and non-invasive measurement of
blood pressure (BP) is always important to critically ill patients.
To achieve continuous and cuffless BP monitoring, pulse transit
time (PTT) has been reported as a potential parameter.
Recently a novel parameter RS, (defined as the time interval
measured from the R wave of electrocardiographic (ECG)
signal to the peak of second heart sound of phonocardiographic
(PCG) signal) is proposed for the same purpose.

In this study, the relationship between systolic BP (SBP) and
PTT as well as the relationship between SBP and RS, on 25

healthy subjects, aged 24+3 years, were compared after exercise.

The results in current study showed that SBP is correlated with
both PTT and RS,, where the mean individual correlations are
r=-0.95 and r=-0.85 respectively. The mean standard deviation
of the differences between the measured SBP and the SBP
predicted from the regression lines in scatter plots of SBP~PTT
and SBP~RS, are 4.1 mmHg and 7.2 mmHg respectively. In
summary, the results showed that RS; is possible to be used for
continuous and non-invasive monitoring of SBP after exercise.
In the future, it is important to investigate more robust
techniques for locating characteristic points on the PCG signals.

I. INTRODUCTION

CONTINUOUS monitoring of blood pressure (BP) is
always important to critically ill patients. Existing tools
are usually limited to provide continuous but invasive
monitoring of BP. Previous literatures reported that pulse
transit time (PTT) was a potential parameter to provide
continuous and non-invasive BP monitoring. Several
researchers revealed that PTT was inversely correlated with
systolic BP (SBP) individually [1]-[3].

PTT is usually recorded as the time delay from the R wave
of electrocardiographic (ECG) signal to the upstroke of a
peripheral pulse wave signal [4], wherein
photoplethysmographic (PPG) signal is a popular choice of
the pulse wave signal. Recently, a novel parameter RS, was
proposed as an alternative to PTT for BP measurement and
the results showed that BP was correlated with RS, [5].

In order to compare the capabilities of PTT and RS, on
SBP estimation, the relationship between SBP and PTT as
well as the relationship between SBP and RS, are studied
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after exercise. Fig. 1 illustrates the definitions of the PTT and
RS,. Namely, PTT and RS, are the time intervals measured
from the R wave of ECG signal to the foot of PPG signal and
to the peak of second heart sound of phonocardiographic
(PCQG) signal respectively.
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Fig. 1. An illustration shows the definitions of PTT and RS, (HS, and HS,
refer to the first and second heart sound respectively).

II. MATERIALS AND METHODS

Experiment was conducted on 25 healthy subjects, aged
2443 years. All subjects were not diagnosed with any chronic
diseases. An in-house-designed circuitry with sensors was
used to detect ECG and PPG signals while an electronic
stethoscope (Model 5079-400, Welch Allyn, USA) was used
to detect PCG signal. The signals were sampled at 1 kHz and
recorded simultaneously for 45 seconds. SBP was measured
by an automatic BP machine (Model HEM-907, OMRON,
Japan) while exercise was carried out on a treadmill (Model
C956, Precor, USA).

Fig. 2 shows the procedure of the experiment. At the
beginning of the experiment, subjects were asked to sit down
and rest for 3 minutes. BP measurements were conducted on
the subject before and after recording the first set of signals
(T1). Subjects were then directed to run on the treadmill at
10km/h for 3 minutes. Immediately after running, BP
measurements and the signal recording (T2) were carried out.
After resting for 3 minutes, subjects ran on the treadmill at a
lower speed, 8km/h, for 3 minutes. BP measurements and
signal recordings were carried out immediately (T3), 18
minutes (T4) and 43 minutes (T5) after the second running.
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Fig. 2. The procedure of the experiment.
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III. RESULTS

Fig. 3 shows the variations of the mean PTT, RS, and SBP.

Both PTT and RS, vary inversely with respect to the mean
values of SBP. The coefficient of variation (CV) of PTT is
always smaller than that of RS,, where the CV of RS,
becomes larger after exercises. The means of RS, almost
double the means of PTT.
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Fig. 3. The variations of the mean PTT, RS, and SBP.

Fig. 4 depicts the scatter plots of SBP~PTT and SBP~RS,.
Regression lines are fitted to individuals. SBP is inversely
correlated with PTT and RS,, where the mean individual
correlations are =-0.95 and =-0.85 respectively.
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Fig. 4. The scatter plots of SBP against PTT (left) and RS, (right).

Fig. 5 reveals the standard deviations of the differences
between the measured SBP and the SBP predicted from the
linear regression lines in the scatter plots of SBP~PTT and
SBP~RS,;. When SBP is predicted from PTT and RS,, the
mean standard deviations of the differences between the
measured and predicted SBP are 4.1 mmHg and 7.2 mmHg
respectively. The standard deviations of the differences are
usually larger if SBP is predicted from RS,.
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Fig. 5. The standard deviations of differences between the measured and
predicted SBP in each subject (S.D. stands for standard deviation).

IV. DiscussioN

Previous literatures usually showed that PTT is linearly

correlated to BP and it is a potential parameter to provide
continuous BP measurement [1]-[3]. Zhang and Zhang
recently proposed using RS, for the same purpose and
reported that the correlation between SBP and the reciprocal
of RS, was larger than 0.88 [5]. This study compared the
capabilities of PTT and RS, on SBP estimation and found that
predicting SBP from RS, have larger deviation than that from
PTT after exercises.

The large deviations resulted from the RS,-approach is
possibly associated with the deep breath after exercises.
Compared with PPG signal, deep breath immediately after
exercises may affect PCG signal more pronouncedly than it
does on PPG signal. The deep breath may induce the variation
of contacting force between the measuring site and the sensor
which has been shown to affect the waveform of PPG signal
[6] [7]. The same applies to the collection of PCG signal, but
since the sensor for collecting PCG signals is manually hold
onto the chest wall of the subject, it is expected that the
variation in contacting force will be greater. Moreover, the
noise induced from deep breath may override the heart sound
and result in noisy PCG signal. As a result, the effects of deep
breath may induce unavoidable error on the peak detection of
PCG signal when it is acquired immediately after exercises.

V. CONCLUSIONS

Experiment was conducted on 25 healthy subjects, aged
2443 years, to compare the capabilities of PTT and RS, on
SBP estimation after exercises. The preliminary results
indicated that the correlation between SBP and RS, (#=-0.85)
was not as high as that between SBP and PTT (+=-0.95).
Larger mean standard deviation of the differences is resulted
from the RS;-approach but the difference is considered to be
acceptable. To conclude, the study further confirms using RS,
for providing continuous monitoring of SBP is possible. In
the future, it is important to investigate more robust
techniques for locating characteristic points on the PCG
signals.

REFERENCES

[1] D.B. Newlin, ‘Relationships of pulse transmission times to pre-ejection
period and blood pressure’, Phychophysiology, 18, pp. 316-21, 1981

[2] R. A. Allen, J. Schneider, D. M. Davidson, M. A. Winchester, and C. B.
Taylor, ‘The covariation of blood pressure and pulse transit time in
hypertensive patients’, Phychophysiology, 18, pp. 301-5, 1981

[3] J. D. Lane, L. Greenstadt and D. Shapiro, ‘Pulse transit time and blood
pressure: An intensive analysis’, Phychophysiology, 20, pp. 45-9, 1983

[4] G. Weltman, G. Sullivan and D. Brendon, ‘The continuous measurement
of arteial pulse wave velocity’, Medical Electronics and Biological
Engineering, 2, pp. 145-154, 1964

[5] X.Y.Zhangand Y. T. Zhang, ‘A novel method for the non-invasive and
continuous monitoring of arterial blood pressure on an electronic
stethoscope’, Proc. of European Medical & Biological Engineering
Conference, Prague, 2005

[6] X. F. Teng and Y. T. Zhang, ‘The effect of contacting force
photoplethysmographic signals’, Physiological Measurement, vol. 25,
pp. 1323-35, 2004

[7]1 X. F. Teng and Y. T. Zhang, ‘The effect of applied sensor contacting
force on pulse transit time’, Physiological Measurement, vol. 27, pp.
675-84, 2006

2879



	MAIN MENU
	Go to Previous Document
	CD-ROM Help
	Search CD-ROM
	Search Results
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 (Use these settings to create Adobe PDF documents suitable for export to IEEE PDF eXpress. May 2005. PaperCept.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


