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New Model to estimate Mean Blood Pressure by Heart Rate with
Stroke Volume changing influence

Moha’med O. Al-Jaafreh, Adel A. Al-Jumaily

Abstract—Mean Blood Pressure (MBP) has high correlation
with Heart Rate (HR), but such e relationship between them is
ambiguous and nonlinear. This paper investigates establishing
an accurate mathematical model to estimate MBP that is
considering the influence of the stroke volume changing.
Twenty three cases of MIMIC database [1] are employed; 12
cases for training and 11 cases for verification. The mean and
standard deviation for all cases are calculated and compared
with real results. Our suggested mathematical model achieved
an encouragement results.

I. INTRODUCTION

LOOD pressure (BP) is vital measurement, which is

used by the physicians for diagnosing patients health
and saving them from critical diseases or situations such as
Hypertension, Hypotension, Artery stiffness, Coma or Heart
attack. Many methods has used to measure blood pressure;
these methods including cannulation, which used catheter,
auscultatory, which used sphygmomanometer, and the cuff-
less and real time measurement; also known as photo-
plethysmography (PPG), which used PPG sensor that
utilizing infrared diode and optical diode.
The cannulation and auscultatory methods are most
common methods have used to measure blood pressure. The
cannulation method measures blood pressure directly and it
is very accurate, but it is invasive, while auscultatory method
is using cuff, interpreted, and time consuming for cuff
inflation and deflation. The cuff-less and real time
measurement are non-invasive and continuous methods since
the PPG sensors extracted the PPG signal from subject’s
finger by infrared diode and optical diode.
PPG methods estimate blood pressure by using PPG signal
through mathematical models depend on the relationship
between BP and PPG signal’s features; such as heart rate
which is equal the frequency of the PPG signals.

The BP and PPG signal’s features relationship are

complex and dynamic [2]. This relation has been studied;
Yan and Zhang stated that the normalized hormonic area of
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a discrete period transform of PPG signal has high
correlation with BP [3].Moreover, the time interval between
peak of electrocardiograph (ECG) and the front foot of PPG
signal, also known as the PTTy; has high correlation with BP
variability [4].

Furthermore, a model has been found to estimate BP by

using a weighed PTT (PTT,); this feature is dependent on
the subject. PTT,, depends on calibrating measurements of
systolic and diastolic BP [5].
Some works on PPG based methods have established
correlation between PPG signal and BP [6]. This correlation
improved by adding constant factors to increase the accuracy
of the measurements, while some of these factors are not
constant in reality. One of these changeable constant factors
is stroke volume.

This paper investigates the relationship between MBP and
PPG signal. A new mathematical model has developed
depending on HR and stroke volume changing. This new
mathematical model will be discussed in next section.

II. METHODOLOGY

The relationship of MBP and HR is specified by Ganong
[6], through these equations:

MBP=COxTPR and CO=HRxSV.
¥ MBP =HR x SV x TPR
Where MBP is mean blood pressure
CO cardiac output
HR number of heart beats/ minute.
TPR resistance of blood vessels against blood flow.
SV stroke volume of the heart.

The MBP can be estimated when HR is variable, SV and
TPR are constants. But in reality, SV is changed according
to heart rate [7]; Therefore, the equation:

MBP = HR x SV x TPR can be written as:

MBP = HR x (SVo + A x SVo x HR) x TPR

MBP = SVo x TPR x HR x (A x HR+1)

where SVo constant stroke volume of the heart.
A coefficient of changing percentage.

For calculating the coefficient A; twenty three cases,
chosen randomly of MIMIC database, has been analyzed.
The MIMIC database is obtained from Physio-bank database
[1]; which includes continuous recorded from intensive care
unit (ICU) every second over than 10 hours; that means
36000 records for each case, at least. In addition, the
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database of each case includes signals and interrupted
measurements such as HR, MBP, Systolic BP and Diastolic
BP. These measurements obtained from a bedside monitor
and clinical database extracted from the patient's medical
record.

The following procedure has been followed to produce the
coefficient A:

Firstly; The HR and MBP have been extracted from
twenty three cases of MIMIC database to investigate the
relationship between them. The coefficient of changing
percentage (A) was generated by using a fit function for
twelve cases which is found equivalent to -0.0026. The
developed formula is:

MPB = SVo x TPR x HR x (A x HR+1)

Secondly; The MBP was estimated for all cases’ records
by above created formula.

Thirdly; for comparison, we used the published formula
that mentioned in [6], to estimate MBP for all cases’ records,
where TPR and SV are constant, through this equation:

MBP = HR x SV x TPR
Where TPR = 0.018 mmHg.min/ml [8].
SV =70 ml [8].

The comparison between both models is illustrated in

Results section by tables and figures.

RESULTS

The database records for each case is too many, so the
mean of estimated MBP of both models has been taken,

Our model:  MBP =SVo x TPR x HR x (A x HR+1)... (1)
Second model: MBP=HR xSV xTPR ......... 2)

The results of both models have been compared with mean
of real MBP for each case record. The difference of mean of
both models and mean of real MBP for all cases is illustrated
in table (1).

From table (1), the difference of mean between estimated
MBP in our method is closer to zero than the difference of
mean of the other method; as illustrated in Fig. 1, hence; our
method, where stroke volume changing has been considered
(Mean 1), is better than the other method; where stroke
volume has been fixed (Mean 2), and this support the fact of
the effect of the stroke volume change on MBP estimation.

Standard deviation has obtained, for more inspection of
our model reliability, through finding the standard deviation
of each case for both methods as shown in Fig. 2, the
standard deviation of our new method (STD1) where stroke
volume changing has been considered, is better than the
other method (STD2) where stroke volume has been fixed.

In addition, the sample of two case over 100 seconds for
the real mean blood pressure, the estimated MBP by our
model; where stroke volume changing has been considered
(MBP1), and other method; where stroke volume has been
fixed (MBP2) has compared in Fig. 3.

From two graphs in Fig. 3, it is clear that our model
(MBP1) is better than the other model (MBP2); since the
calculated MBP of our model is closer to real MBP than the
calculated MBP of second model.

Table (1) The mean and Standard Devotion for models and
real reading

Case | MPB =SVoxTPRxHR | MBP=HR x SV x
x (A x HR+1) TPR
Meanl Std1 Mean2 Std2

1 19.7 15.068 -2.4719 14.121
2 -9.4927 3.3214 -30.533 4.1829
3 0.40713 4.7569 -26.804 7.1712
4 12.245 7.9457 -1.9611 7.7208
5 12.478 8.684 -5.1428 10.064
6 1.8051 8.5257 -17.901 9.451
7 -2.6774 7.4635 -28.549 9.5374
8 20.022 4.9878 1.8481 5.593
9 24.082 12.465 13.736 12.846
10 2.4781 15 -18.586 17.453
11 13.634 9.54 -2.6757 9.8445
12 8.0994 8.1175 -9.159 10.827
13 0.78268 9.5236 -23.667 10.605
14 -3.4284 4.5737 -28.616 6.4983
15 4.657 7.6563 -15.746 8.4812
16 1.7982 11.619 -25.488 14.313
17 0.2105 11.6 -23.109 14.18
18 6.916 7.8818 -8.1457 7.2153
19 2.0743 7.4491 -16.667 10.028
20 -8.9361 6.8042 -35.144 7.9888
21 -11.831 6.8298 -40.689 8.4006
22 10.184 8.2482 -12.238 9.7905
23 -3.3689 4.7629 -26.908 6.063

Mean is the difference between mean of real MBP and mean of
estimated MBP and Std is the standard deviation of difference
between real MBP and estimated MBP for both models.
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Fig. 1. The Difference between mean real MBP and estimated
MBP of each mathematical model for all cases
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Standard deviation between Real MBP
and Calculated MBP
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Fig .2. Standard deviation between Real MBP and Estimated
MBP of both models for each case
120
100 + L .
Z P . - - - e N - -
=
~ 80 -
—~ N A
E \_r//\\.-l ‘..u’/
o 60 -
®©
40 +
Real MBP
20 - MBP1
= = MBP2
0 T I T I OO T o T I T IO T T T I I T T I I T T TT T T T T IT T T I AT I i Tl
1 12 283 34 45 56 67 78 89 10C
Time (s)
(a)
140 -
120 4
J ~ ™ "'1#;"’\ “
'ﬂ,“'i‘ ’,ﬂ‘:d‘" iH‘ji A 9
100 -
Z 80 Himrr St s MR e AT e A
=
w
5 60
=i
=
g 40 4 Real MBP
MBP1
20 T - - |MBP2
O I I T T I I T T T e
1 10 19 28 37 46 55 64 73 82 91 10(
Time (s)
(b)

Fig.3. The real MBP, calculated MBP by First model (MBP1) and
calculated MBP by Second model (MBP2)

III. CONCLUSION

The relationship between heart rate (HR) and mean blood
pressure (MBP) is nonlinear. A lot of efforts have done to
simplify this relation; one model had added many constants
factors to estimate the Mean blood pressure. One the
common model assuming constant factors for the stoke
volume while it is changeable in reality depend on the heart
rate. This paper investigated the effect of the stroke volume
and found out the relationship between MBP and HR is:
MBP = SVo x TPR x HR x (A x HR + 1); where the stroke
volume (SV) changing is considered. This new model results
are more accurate and closer to real cases’ records as that
shown in the mean of difference, standard deviation, and
sample of comparison figures and table. In future work, the
coefficient of changing (A) will be investigated to achieve
high accuracy by testing more cases to finding the best fit
function and by using the physiological clarification of this
phenomenon.

The work of this paper is part of our project to develop the
Cardiovascular Parameters Long Term Monitoring System
(CPLTMS).

REFERENCES
[1] MIMIC database, Online version available at
http://www.physionet.org/physiobank/database/mimicdb last
accessed 23/4/2006.

[2] Shaltis P., Reisner A. and Asada H., Calibration of the Photo
plethysmogram to Arterial Blood Pressure: Capabilities and
Limitations for Continuous Pressure Monitoring, Engineering in
Medicine and Biology Society, Conference Proceedings, 27th Annual
International Conference, Shanghai, China, Sept. 1-4, 2005. pp. 3970
—3973.

[3] Yan Y. and Zhang Y, Noninvasive Estimation of Blood Pressure
Using Photoplethysmographic Signals in the Period Domain,
Engineering in Medicine and Biology Society, Conference
Proceedings, 27th Annual International Conference, Shanghai, China,
Sept. 1-4, 2005. pp 3583 — 3584.

[4] Ma T. and Zhang Y., A Correlation Study on the Variabilities in
Pulse Transit Time, Blood Pressure, and Heart Rate Recorded
Simultaneously from Healthy Subjects, Engineering in Medicine and
Biology Society, Conference Proceedings, 27th Annual International
Conference, Shanghai, China, Sept. 1-4, 2005. pp. 996 — 999.

[5] Poon C. and Zhang Y., Cuff-less and Noninvasive Measurements of
Arterial Blood Pressure by Pulse Transit Tim, Engineering in
Medicine and Biology Society, Conference Proceedings, 27th Annual
International Conference, Shanghai, China, Sept. 1-4, 2005. pp. 5877
—5880.

[6] Ganong WF. Review of Medical Physiology, (internat’l ed.). New
York: McGraw Hill, 2003, p. 621.

[71 Munns L., Hartzler K., Bennett F. and HicksW., Elevated intra-
abdominal pressure limits venous return during exercise in Varanus
exanthematicus, The Journal of Experimental Biology 207, 4111-
4120, Published by The Company of Biologists 2004.

[8] Klabunde R., 2006, “Cardiovascular Physiology Concepts”, Available
on line at: http://www.cvphysiology.com/storke volume regulation
last accessed 23/4/2006.

1805



	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


