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OBJECTIVES

· Establish criteria in which it is possible to take a blood pressure readings solely with the Biopac package (without an administrator using a stethoscope)

· Determine the significance of placement of the stethoscope head on approximate location of artery

· Develop a computer-based system for optimal blood pressure readings using the Biopac package. 

BACKGROUND

Manual blood pressure readings, when taken without expertise, can often be incorrect.  When taking one’s blood pressure, the administrator is the sole data acquirer for observing the pressure reading (hearing the Korotkoff sounds).
  Subsequent blood pressure readings to confirm the original one may be drastically different given physiological variations.  Therefore, it is necessary to clearly define a system to take blood pressure both audibly and visually (through digital voltage readings) for comparison.

EQUIPMENT

· Biopac MP30 & Biopac Student Lab Pro Software

· Biopac Sphygmomanometer (Blood Pressure Cuff)

· Biopac Stethoscope

METHODS & THEORY

The BSL Pro is calibrated at 20 and 140 mmHg using the pressure cuff (connected to Ch 1 of the Biopac MP30), in conjunction with the stethoscope (Ch 2), on the subject’s left arm brachial artery.  The calibration setting used was a linear fitting (refer to Appendix: Figure 1).  The linear fitting provided the highest R-squared value (0.9898) compared to the polynomial fits of voltage versus pressure. Thus any two points can be chosen as reference points. 20 mmHg and 140 are near expected limits of the data trials. 

The pressure cuff is placed over the left upper arm, with the stethoscope head directly over the brachial artery.  At systolic pressure, the blood pressure is able to overcome the externally applied (cuff) pressure.  Below this value, the artery shuts and opens repeatedly until reaching diastolic pressure, when the artery is finally able to remain open all the time.

RESULTS

The location of the brachial artery was determined from an approximation based on physiology diagrams.  Using an this reference point, “center,” the stethoscope head was moved left and right from the center.  Data was taken with the same subject by moving around the arm.  Signal over noise was graphed versus off far the stethoscope was from the reference point.  Refer to Figures 2 and 3.  Figures 2 and 3 indicate that there is no significant loss of signal within the range of stethoscope movement. The signal is bound to decrease because there is no other source of significant size for stethoscope readings (i.e. no other artery of delayed beat pattern to affect data).
  However, the importance of this is that as long as the stethoscope head is placed anywhere in the vicinity of the brachial artery (with the palm of the hand facing up), the data acquired is satisfactory.  The described methods were developed into the standard procedures used throughout the experiment.

Systolic and diastolic pressures of a subject do not change significantly when his hand is closed compared to when it is open during the test (refer to Table1).  The systolic pressure is 120.82 mmHg when the hand is open and 125.10 mmHg when the hand is closed for subject in table one.  For the diastolic pressure, it is 68.95 mmHg and 67.83 mmHg when the hand is open and closed, respectively.  The difference of the systolic and diastolic pressures when the subject’s hand is open and closed is calculated to be +3.54% and -1.62%, respectively.
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	Mean
	-0.00446

	Standard Error
	0.000512

	Median
	-0.00397

	Mode
	0.007324

	Standard Deviation
	0.036896

	Range
	0.737152

	Minimum
	-0.36713

	Maximum
	0.370026


The standard deviations of the patients ranged from 0.03394 to 0.08190. The peak range for the patients ranges from 20.56123828 times the standard deviation to 31.11106 times the standard deviation.  In contrast the minimum peak range data for each of the patients ranges from 2.6 times standard deviation to 4 times the standard deviation.

DISCUSSION

The difference of the systolic and diastolic pressures when the subject’s hand is open and closed is +3.54% and -1.62%, respectively (refer to Table 1).  (Note that when the arm is fully relaxed in the closed position.)  Therefore, it can be concluded that the opening and closing position of the hand does not affect the measuring of the subject’s blood pressure.  The reason for this could be because the action of closing a hand does not involve any contraction of any muscles in the bicep area where the blood pressure is being measured.  Therefore, the blood pressure remains relatively unchanged as the closed hand position of the subject does not require extra oxygenated blood.  However, when the subject is asked to flex his upper arm (bicep area) without bending his elbow, the EKG recorded fluctuates significantly because of the vibration of the arm.  As a result, no systolic and diastolic pressure can be measured.

Digital filters were tested to eliminate noise from the surrounding, so that the stethoscope graph obtained is just the result of the voltage of the blood pressure without minimal interference from the surrounding noise.  By applying an appropriate filter, the peaks observed in the stethoscope graph would clearly indicate the systolic and the diastolic blood pressure with minimal problems from the noise.  Therefore, the purpose was to determine a universal filter setting to apply to all subjects.  The results from testing for filters showed varying results of success, partial success, and failure of the filter.

A low pass filter at the frequency of 30 Hz was applied to all the stethoscope data obtained from the 12 different subjects.  For Subject 2 and Subject 8, the above filter was able to eliminate most of the noise from their data leaving behind only significant peaks that indicate systolic and diastolic blood pressure (refer to Figure 3).  With the above filter, noise could be reduced to up to 47.5%, depending on the degree of the noise (i.e., noise with higher peaks could be reduced more significantly).

Not in all cases did the low pass filter at the 30 Hz frequency work as well.  In the stethoscope graph of Subject 1, the majority of the noise was eliminated by applying the filter; however, there was a significant noise on the graph that did not reflect as a sound in the stethoscope (refer to Figure 1).  It appears at the pressure of 90.35 mmHg and it has the peak-to-peak value of 0.1162 volts, and it is not caused by the pumping of the blood through the artery.  Therefore, it is not very certain if the low pass filter at 30 Hz frequency works well in this sample.

There was a trial in which the low pass filter at 30 Hz frequency could not eliminate the surrounding noise.  Using the stethoscope graph obtained from Subject 7, the above-mentioned filter was applied and it could be observed that the filter did not work well for this sample.  The amount of noise reduced was negligible and, more importantly, the filter did not make it easier to locate the peaks of the systolic and diastolic blood pressure (refer to Figure 2).

From the above trials that have been analyzed, it has been shown that even though the filter at the frequency of 30 Hz did manage to eliminate surrounding noises in many samples, it does not work as well for some other samples.  Therefore, there is no standard filter that can be utilized by the program to eliminate surrounding noises for all subjects.  However, our goal of this experiment was to use the Biopac program to determine the blood pressure of subjects, and not to find a specific filter that could eliminate noises for every subject.  Therefore, after discovering that there is no standard filter that could eliminate noises for every subject, the experiment was stopped.  However, it is believed that there is a set of filters that could be installed in the program that could eliminate surrounding noises for every subject.

Standard deviation analysis of the blood pressure data attempts to compare each point in reference to all data collected.  Where the previous examples of point to point analysis has failed either because the noise for an individual was exceptionally high, or an applied filter also removed quieter peaks, the standard deviation method is able to be flexible for each subject since the noise will define the first standard deviation.  Through analysis of the stethoscope histogram plots for each individual (refer to graphs histogram 1 through histogram 11) the peaks of systole exist beyond 2.5 standard deviations of the entire data range. Application then becomes relatively simple.  Upon calculation of the trials standard deviation, the computer code can simply scan through the data.  The first data value found above 2.5 standard deviations is the systolic pressure, and the last point above 2.5 standard deviations is the diastolic pressure.

Analysis of the standard deviation against all collected data (refer to Table 2 - Subject One) shows this subject had a systolic blood pressure of 121.861 mmHg and a diastolic pressure of 67.257 mmHg

The same statistical calculations were done on all ten subjects as with subject one; all blood pressures were accurately measured within 3% of the hand collected blood pressure. This is a key analysis which states that standard deviation analysis is statistically appropriate for blood pressure readings.  Secondly, the trials can now be run without administrator interaction. 

Part of the project was to devise an automated method for reading blood pressure, using the Biopac and a computer program.  The following is the code for a Matlab program to simulate such a machine (see appendix).  First, the stethoscope and pressure data need to be recorded as usual with the Biopac machine.  This results in two arrays of data, a strand of approximately 5000 data entries for both calibrated pressure and stethoscope activity, over time.  Then the two arrays of data are copied into Excel to convert the waves into arrays of data as well as to eliminate the units.  The stethoscope data is then titled “scope” and the blood pressure data titled “press.”  The program uses our best definition of a peak - as any data points at or above a given number of standard deviations from the mean.  The program is designed to allow for changes in this number, even though we have found that 2.5 standard deviations yields the most consistent results.  The program, after inputting both arrays and the value of t, identifies all points in the scope array meeting the standard deviation criteria, tags only the first and last scope point, then gives a read out of the corresponding blood pressure at those points.  The input is of the form x = threshold(2.5,scope,press), and the output (location of first spike, blood pressure at first point, location of last spike, blood pressure at last spike).  The second and fourth outputs are the blood pressures, conventionally read (systolic) over (diastolic).  It could be left as a larger project for a future BE or CSE class to design a more complex program, that allows for more ways of determining peaks, although this method proves to be ample.

CONCLUSIONS

1) No universal filter could be applied to all subjects and still return accurate blood pressures. Instead, a threshold of 2.5 times the standard deviation yields the best method to determining blood pressure as well as not requiring an administrator

2) Placement of the stethoscope on the arm does not make blood pressure reading inaccurate as long as the stethoscope is in the range of less than 1 inch to the right of the artery.  It is a reasonable inference that subjects will follow the picture of placing their arm into the machine and be within this range. 

3) A viable computer program was developed to systematically output blood pressure readings. 

REFERENCES

· The Brachial Artery, http://education.yahoo.com/reference/gray/150.html
APPENDIX
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Figure 1 – Linear Calibration Curve
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Figure 2 – Systolic/Noise vs Off-Center Right
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Figure 2 – Diastolic/Noise vs Off-Center Right

	 
	Systolic P
	Diastolic P
	Systolic V
	Diastolic V 
	Std Deviation for P
	Std Deviation for V

	 
	(mmHg)
	(mmHg)
	(V)
	(V)
	 (+mmgHg)
	 (+V)

	Open 
	120.82
	68.95
	1.371
	0.312
	0.2874
	0.1575

	Close
	125.1
	67.83
	0.619
	0.588
	0.5794
	0.1182

	Difference 
	3.54%
	-1.62%
	54.85%
	-88.46%
	 
	 

	between
	 
	 
	 
	 
	 
	 

	Close and 
	 
	 
	 
	 
	 
	 

	Open 
	 
	 
	 
	 
	 
	 


Table 1 – Opened/Closed Fist Data

Computer Program

Matlab code, title(Biopac)

function [one,one_press,two,two_press] = threshold(t,scope,press)


one=0;


one_press=0;


two=0;


two_press=0;


enc=0;


for i=1:length(scope)



if ( scope(i) >= t )





if ( enc == 0 )





one=i;





one_press=press(i);





enc=enc+1;




else





two=i;





two_press=press(i);




end



end


end

Table 2. Standard Deviation Data

	Subject One (Slice)
	Subject Two (Pat)
	Subject Three (Ania)
	Subject Four (Andan)

	
	
	
	
	
	
	
	

	Mean
	-0.004455443
	Mean
	-0.004515306
	Mean
	-0.004401047
	Mean
	-0.004516879

	Standard Error
	0.000512101
	Standard Error
	0.001198472
	Standard Error
	0.000800759
	Standard Error
	0.000684539

	Median
	-0.00396729
	Median
	-0.0038147
	Median
	-0.00473022
	Median
	-0.0038147

	Mode
	0.00732422
	Mode
	0.014801
	Mode
	-0.0204468
	Mode
	-0.00961304

	Standard Deviation
	0.036896135
	Standard Deviation
	0.070036323
	Standard Deviation
	0.06104179
	Standard Deviation
	0.049452917

	Range
	0.737152
	Range
	1.679082
	Range
	1.343078
	Range
	0.897675

	Minimum
	-0.367126
	Minimum
	-1.03333
	Minimum
	-0.712585
	Minimum
	-0.447998

	Maximum
	0.370026
	Maximum
	0.645752
	Maximum
	0.630493
	Maximum
	0.449677

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Subject Five (Syl)
	Subject Six (Frank)
	Subject Seven (Elizabeth)
	Subject Eight (Shao)

	
	
	
	
	
	
	
	

	Mean
	-0.004427166
	Mean
	-0.004512695
	Mean
	-0.004376704
	Mean
	-0.004511778

	Standard Error
	0.000584588
	Standard Error
	0.000961483
	Standard Error
	0.00051519
	Standard Error
	0.001369804

	Median
	-0.00442505
	Median
	-0.00427246
	Median
	-0.00488281
	Median
	-0.00457764

	Mode
	-0.0189209
	Mode
	0.0038147
	Mode
	-0.0158691
	Mode
	0.00869751

	Standard Deviation
	0.039393589
	Standard Deviation
	0.055400092
	Standard Deviation
	0.033940022
	Standard Deviation
	0.081902384

	Range
	1.220398
	Range
	1.362304
	Range
	0.901489
	Range
	2.54807

	Minimum
	-0.772858
	Minimum
	-0.851898
	Minimum
	-0.532837
	Minimum
	-1.33057

	Maximum
	0.44754
	Maximum
	0.510406
	Maximum
	0.368652
	Maximum
	1.2175

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Subject Nine (Roxanne)
	Subject Ten (Vicki)
	
	
	
	

	
	
	
	
	
	
	
	

	Mean
	-0.004364874
	Mean
	-0.004680533
	
	
	
	

	Standard Error
	0.00101643
	Standard Error
	0.001167053
	
	
	
	

	Median
	-0.00518799
	Median
	-0.00411987
	
	
	
	

	Mode
	-0.000305176
	Mode
	-0.0105286
	
	
	
	

	Standard Deviation
	0.050279901
	Standard Deviation
	0.058130494
	
	
	
	

	Range
	1.38733
	Range
	2.23541
	
	
	
	

	Minimum
	-0.766602
	Minimum
	-1.0318
	
	
	
	

	Maximum
	0.620728
	Maximum
	1.20361
	
	
	
	


Table 2. Standard Deviation Data
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Figure 1. Biopac Data before and after filter of Subject 1
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Figure 2. Biopac Data before and after filter of subject 7
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Figure 3. Biopac Data before and after of subject 8

Blood Pressure Histogram for the ten subjects:
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[image: image12.emf]Blood Pressure Histogram Subject Two
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[image: image13.emf]Blood Pressure Histogram Subject Three
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[image: image14.emf]Blood Pressure Histogram Subject Four
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[image: image15.emf]Blood Pressure Histogram Subject Five
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[image: image16.emf]Blood Pressure Histogram Subject Six
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[image: image17.emf]Blood Pressure Histogram Subject Seven
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[image: image18.emf]Blood Pressure Histogram Subject Eight
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[image: image19.emf]Blood Pressure Histogram Subject Nine
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[image: image20.emf]Blood Pressure Histogram Subject Ten
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� Korotkoff sounds are the vibrations heard in the artery walls when conducting blood pressure readings.


� Only off-center right values are provided.  The majority of off-center left data could not provide definite pressure readings (the signals were too weak, relative to the noise).
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