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Guidelines  

Instructions  
Indicates the step requires a screenshot. Save your screenshots as 'sectionX_stepX', replacing X 

with the appropriate section and step number. This takes little time and will make your lab much 

easier to write up.   

Make sure you rename the images after you save them. They are saved under the “reports” 

folder in Clevemed. Follows the path:  

C:\DocumentsandSettings\LoginName\My Documents\BioRadio Lab Data\LoginName\ECGI  

Indicates the step requires saving 30 seconds (though it's sometimes 10 or 60 seconds) of data.  

Save your data files with the name indicated. This will make your postlab quicker to complete.  

Lab Write-up  
Labs should be submitted to the dropbox before 2pm 1 week after the lab.  

All Matlab/Excel figures should have a title, legend (if more than 1 signal per plot), x axis label 

and y axis label with units indicated.  

To load a collected data file in matlab, you can use a = load('normalairflow.data');  

to load the file as a double array.  
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Laboratory 43 | Blood Pressure   

Learning objectives  
• Estimate the blood pressure (BP) using the oscillometric method  

• Observe changes in BP due to position and exercise  

Materials   

• Wireless BioRadio System with blood pressure cuff,  
• transducer and blood pressure sensor  
• 3 snap electrodes  
• Alcohol wipes  
• 3 snap leads  

NOTE: If one student plans to drink a coffee or have lunch during the lab, just for fun, take that 

student’s blood pressure before and 10-15 minutes after the ingestion. (This part is fun but not 

graded, do not force yourself to eat/drink anything).   

Also note: food and drink are NOT permitted in the lab; eat in the hallway.  

    
1.0 - Equipment Preparation  

1.1 Run the BioRadio_Lab_Course software. Login and select Blood Pressure from the 

Advanced Physiology laboratory section on the left. Select Begin Lab. Turn on your 

BioRadio and pair it with the software.   

1.2  Attach snap electrodes to the recording sites as shown to measure the Lead I     ECG (LA, 
RA and RL). You can use your ankle for the RL electrode location. Connect snap wires to 
the electrodes and connect the wires to the BioRadio inputs a shown.  
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 Figure 3: Connection points on radio  Figure 4: Accessories needed  

1.3 Locate your “Transducer Interface Cable” (TIC) box from your briefcase. RE: the white 

cable: notice that when you retract the outer metal layer, the small ‘claws’ retract from the 

end of the cable. This is how you will unplug the cable at the end of the lab. Plug its white 

cable into the Sp02 channel of your BioRadio, and connect its red wire to +Ch2 and black 

wire to –Ch2.  

NOTE: If your pulse oximeter is already connected to your Sp02 channel, see your TA.  

1.4 Carefully screw the black rubber hose attached to the pressure cuff into the white and red 

connector of the Blood Pressure Sensor box. Plug the white connector end (from the blood 

pressure sensor) into the TIC box. Wrap the pressure cuff onto your left arm.  
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1.5 Click on the BioRadio Data Tab, then on the START button.  You should see your ECG 

scrolling on the screen.  

NOTE: If your data transmission cuts in and out, decrease the ‘Data collection interval’ 

by half (see upper right corner of the screen).  

1.6 Make sure all the pressure has been released from the blood pressure cuff (press the grey 

valve near the balloon and let any air pressure out), then click “Zero BP Sensor” to calibrate 

the pressure sensor.  

2.0- Data Collection Step  
 

Procedure and Data Collection  
NOTE: The release valve is quite sensitive, so you may want to practice using it a few times 

before you record your data.  

2.1 Click on Spectral Analysis Tab then click on Time domain Tab and adjust the Filter 

Parameters to remove the 60Hz noise (you can use a low pass or a band stop, use at least 

at 15 Hz ‘safety margin’ for you filter). Turn the filter ON. In the Channel to Process box, 

select ‘2’ to see your BP signal.   

Note: The Time Domain Plot indicates your BP signal is measured in µV, but it is actually 

mmHg. Do a trial with autoscale on and 1 with “µV’ limited to 0 – 100. Which makes it 

easier to see the ripples in your signal?  

2.2 To record the blood pressure, the subject should be seated with the blood pressure cuff on 

 one arm. The subject should also hold the balloon in the opposite hand. Start the data collection. 

Save the file as Subject1_Relaxed_1. The subject should slowly increase the pressure in the cuff 

by repeatedly squeezing the balloon on the blood pressure cuff.  Notice the signal on the screen.  

Increase the pressure till the blood pressure signal is smooth and you can no longer see the action 

of the heart pumping. (NOTE: you have probably restricted blood from flowing through the 

brachial artery at this point, at around 120-160 mmHg).   

Press the grey valve by the balloon at any time if the cuff feels uncomfortably tight.  
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2.3 Very slowly begin to release the pressure from the cuff by pressing the grey valve. Continue 

 until the pressure in the cuff is down to zero.    

2.4 Repeat steps above twice more to have three trials of relaxed blood pressure measurements. 

You should get a signal similar to the one below and save as Subject1_Relaxed_2 and 

Subject1_Relaxed_3.  

2.5 Open your Subject1_Relaxed_1 file in Matlab and plot the ‘filtered data’ column.  Locate 

the region where there are many ripples (pulses from the BP signal). It should look similar 

to figure 5. If you can’t find the ‘ripples’ in your file, try again, releasing the air from the 

cuff slower, and adjusting the parameters of your filter to remove some high frequency 

noise.   

  
Figure 5: Example BP signal  

Report   
Note:  Show the estimation of mean arterial pressure (MAP), DP and HR using two methods:  

1. Using your graph similar to Figure 5  

2. Using detrended data in MATLAB, see Appendix B  

a) Open your saved data files in Matlab and plot the filtered data. Find your systolic pressure 

on this plot.  Detrend the data (Appendix B) and determine when the MAP is observed. 
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Correlate the time MAP is observed in the detrended plot to the original recording to 

determine the pressure value. Calculate the estimated DP using the equation: MAP = 1/3  

(SP – DP) + DP. Include figures of the filtered data and the detrended data for each file and  

label your systolic, mean arterial and diastolic values on both, similar to figures 2 and 5.  

Fill in those values in the table below. Show your work.  
  Systolic  MAP  Diastolic  

Trial 1        

Trial 2        

Trial 3        

Average        

  
b) What is your heart rate (in beats per minute) for each file? (Use the middle 5-10 beats where 

the ‘ripples’ are).  

c) What was the delay between the heart beat on the ECG and the heart beat on the blood 

pressure waveform (for each file)? Why would a delay exist? (hint: compare the x-axis 

values of the QRS peaks with the x-axis values of the ripples during the ‘ripples’ section 

of your BP signal)  

3.0 - Effect of Arm Position   
 

Procedure and Data Collection  

 3.1 Hold arm above head level and repeat the steps of Section 2 and save as Subject1_Arm_1, 
_2, _3.   

 3.2 Lie down and with your arm on the floor and repeat the steps of Section 2 and save as 
Subject1_Floor_1, _2, _3.   

Report   
Note:  Show the estimation of mean arterial pressure (MAP), DP and HR using two methods:  

1. Using your graph similar to Figure 5   
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2. Using detrended data in MATLAB, see Appendix B  

a) Using the ‘arm’ files, calculate the average MAP, systolic and diastolic blood pressures for 

the arm above head files. Include a plot of each blood pressure signal and label your systolic 

and diastolic values.  

b) Using the ‘floor’ calculate the average MAP, systolic and diastolic blood pressures for 

lying down files. Include figures of the blood pressure and label your systolic and diastolic 

values.  

c) What if any is the effect of arm position on the blood pressure values you recorded (for  

‘relaxed’, ‘arm’, and ‘floor’)? (Use the effect of gravity in Appendix A to clearly explain 

your results).  

d) If you were upside down, would your MAP increase or decrease? What about your systolic 

and diastolic pressures? Why? (Use the effect of gravity in Appendix A to clearly explain 

your results).  

4.0 – Effect of Exercise   

Procedure and Data Collection  
4.1 Run on the spot for 2 minutes and then repeat the steps of Section 2, save as 

Subject1_Exercise_1, _2, _3. If you notice your heart rate returned to normal before the 

3rd trial was complete, you may want to re-exercise before collecting it.   

Report  
Note:  Show the estimation of mean arterial pressure (MAP), DP and HR using two methods:  

1. Using your graph similar to Figure 5   

2. Using detrended data in MATLAB, see Appendix B  

a) Calculate the average MAP, systolic and diastolic blood pressures after exercising. Include 

figures of the blood pressure and label your systolic and diastolic values.  

b) What is your average heart rate (in beats per minute) for each file? (Use the first and last 

5-10 beats).  



SYSC 4203 Laboratory 3 | Blood Pressure - Laboratory 4 | Blood Pre sure Fall 2019  

 A. Adler   Page 9 of 11  

c) What is the effect of exercise on your blood pressure? Why?  
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Appendix A  

Note: Effects of Gravity on pressure measurement   

The gravitational force on the fluid in a pressure transducer creates an offset in pressure 

measurement.  

 3	 2	 2 
𝛥𝑃	=	𝜌𝑔𝛥ℎ									[𝑘𝑔/𝑚	]𝑥[𝑚/𝑠	]𝑥[𝑚]	=	𝑁/𝑚	=	𝑃𝑎  

  

if density is in [kg/L] then ΔP in kPa ρ  is 1.0 [kg/L]  (when the catheter is being flushed) g saline 

is 9.8 m/s2  

Question: Patient rolls on side so heart moves up by 10cm. What is ΔP?  

1.0𝑥9.8𝑥0.1𝑚	=	0.98𝑘𝑃𝑎	=	0.98𝑥(760/101.3)	=	7.4𝑚𝑚𝐻𝑔  
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Appendix B  

Detrend method:  

x  Plot the original curve (similar to top graph in Figure 6) x  Use suggested or similar 

code in MATLAB to detrend this curve using least-squares fit:  

data_d = detrend(data,Type) //subtracts a mean value from each signal when Type = 0, a 

linear trend (least-squares fit) when Type = 1  

 x  Plot the detrended data, should be close to bottom graph in Figure 6.  

x  Identify MAP, then calculate DP. The MAP can be estimated from the systolic and diastolic 

pressures using the approximation: MAP = 1/3 (SP – DP) + DP   (Ref:  

Clevemed BP lab Manual) x 

 Show your work   

  

   
Figure 6: Systolic pressure is detected (Point 1). The cuff-pressure oscillations increase to a 

maximum (Point 2) at the mean arterial pressure. Taken from Medical Instrumentation, Webster, 
4th ed. pg 329.  

   


