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CARDIOVASCULAR MECHANICS

Computer Lab

1. Local Mechanical Properties of Arteries

The Excel file “p-d data.xls” in subdirectory ‘Exercise_1’ contains data of pressure and external diameter as measured in vitro on a rabbit carotid artery. The measurements were obtained at a longitudinal extension of z = 1.4. The dimensions of the artery at zero load (P = 0 mmHg and z = 1.0) are also given in the file. Assume incompressible wall and graph/calculate:

1. Internal diameter as a function of pressure. Sketch on this graph the elastin-dominated region

2. Compliance as a function of pressure

3. Average circumferential stress ( vs. circumferential stretch ()

4. Incremental elastic modulus at  = 1.5 and 2.0

2. Basic analysis of hemodynamic data

In the subdirectory 'Exercise_2', there is an EXCEL file containing in vivo data measured in the dog. The data-set consists of data measured during steady state conditions. Data during steady state are left ventricular and aorta pressure (both in mmHg), aorta flow (in ml/s) and left ventricular volume (in ml). 

First, look at the pressure, flow and volume data coming from 1 cycle obtained during steady state conditions (Dog_steadystate.xls). From these data, several arterial parameters can be calculated directly in Microsoft Excel. Calculate 

(i) mean aortic pressure and flow

(ii) total peripheral resistance

(iii) fit an exponential to the diastolic portion of the curve (fit RC) and C

(iv) derive characteristic impedance in the time domain

(v) separate the pressure and flow waves into the incident and reflected component using the equations Pf=(P+Q*Zc)/2 and Pb=(P-Q*Zc)/2 

3. Advanced analysis of arterial data: input impedance and windkessel models

We will now use some Matlab routines (in subdirectory 'Exercise_3'). After starting Matlab, you first have to go to the correct working directory. Load the data into the workspace environment by typing ‘load dogdata'. Once loaded, the data are now known as time, pressure and flow. Calculate

(vi) Input impedance in the frequency domain: the input impedance is calculated by typing 'input_impedance' in the workspace. The input impedance will be displayed on the screen, and the modulus and phase of the first 11 harmonics will be displayed in the workspace. You can copy them into EXCEL to do the frequency-domain calculation of characteristic impedance. What is Zc estimated in the frequency domain ? (Solution in matlab file characteristic_impedance.m)
(vii) Assuming rho blood = 1000 kg/m³ and aortic diameter of 1 cm, what is the pulse wave velocity c ? (Zc can be approximated as rho*c/A) (Solution in matlab file PWV.m)
(viii) Estimate compliance using the pulse pressure method for one of the data-sets. By typing 'calculate_pp' at the Matlab prompt, you will calculate the response of the 2-element WK to the measured flow wave, using the calculated value for total peripheral resistance, and a compliance estimate that you have to provide. Change the compliance value until there is a satisfactory agreement between measured and predicted pulse pressure. 

(ix) The parameters of the 3-element WK model are fitted by typing 'wk3' at the Matlab prompt.

(x) The parameters of the 4-element WK model are fitted by typing 'wk4' at the Matlab prompt. Write down these parameters as we will need them in a later stage of the exercise session.

4. Estimating cardiac contractility

In the subdirectory ‘Exercise_4’, there is an EXCEL file (Dog_ivcocclusion.xls) containing the in vivo data measured in the same dog during occlusion of the vena cava inferior to reduce the inflow into the heart (venous return). Left ventricular pressure and volume data are provided for a series of cycles obtained during the occlusion. These data can be used to derive end-systolic pressure-volume relation (Emax) and Vdead (intercept of the end-systolic pressure-volume relation). Methods to derive these parameters in EXCEL are:
· determine the end-systolic points and do a linear regression on these points 

· draw end-systolic pressure-volume relation on-sight and estimate Vdead

5. Heart-arterial interaction

Go to the directory 'Exercise_5' by typing 'cd ..\Exercise_5'. Typing 'interaction' at the prompt will launch a Matlab program that allows you to simulate heart-arterial interaction and to calculate LV pressure and volume and aortic pressure and flow. The model parameters are the parameters of the 4-element windkessel model and cardiac parameters: Vdead, Emax and Emin, venous filling pressure and the time required to reach peak elastance.  

Within the interaction program, push the 'load default values' and load default settings representative for a hypertensive subject ('hypertension.dat'). Run the program with these settings, and write down systolic and diastolic blood pressure and stroke volume. Assume a pharmaceutical company has a new drug that reduces heart rate, total peripheral resistance, and contractility by 20%, while total arterial compliance goes up by 20%. What is the effect of this drug on blood pressure and flow? Make the model run by changing 1 parameter at the time. What drug-effect has the strongest blood-pressure lowering effect?
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