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Methods



1-D Arterial Blood Flow Modelling

Arterial network:

- Thin, deformable cylindrical tubes 

- Properties described by a single axial coordinate x:

- Length, luminal diameter, wall properties

1-D formulation of pulse wave propagation:

- Non-linear 1D equations of incompressible and 

axisymmetric flow

- Conservation of mass, linear momentum and energy

- Visco-elastic vessels

Boundary Conditions:

- Periodic inflow waveform

- Terminal Windkessel models

Adapted from: [8] Ref: Alastruey et al, Arterial Pulse Wave Haemodynamics, 2012



Modelling the Photoplethysmogram
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Modelling Healthy Ageing

Changed with age

↑   Luminal diameter of larger arteries (24)

↑   Length of proximal aorta (4)

↑   Pulse wave velocity (25)

↓   Stroke volume (10)

~~  Heart rate (21)

~~  Mean blood pressure

No change with age

Luminal diameter of remaining arteries (4)

Length of remaining arteries (3)

Left ventricular ejection time (9)

Time to peak aortic flow (3)

Aortic reverse flow volume (1)

Source: [9]
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Modelling Changes with age
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Modelling Changes with age
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Modelling Changes with age
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Modelling Changes with age

20 30 40 50 60 70 80

Age [yrs]

24

26

28

30

32

34

36

dia asc a [mm]

20 30 40 50 60 70 80

Age [yrs]

60

65

70

75

80

85

90

HR [bpm]

20 30 40 50 60 70 80

Age [yrs]

70

80

90

100

110

120

130

len prox a [mm]

20 30 40 50 60 70 80

Age [yrs]

80

85

90

95

100

105
MBP a [mmHg]

20 30 40 50 60 70 80

Age [yrs]

4

6

8

10

12

14

PWV cf [m/s]

20 30 40 50 60 70 80

Age [yrs]

40

50

60

70

80

90

SV [ml]

Ascending Aortic Diameter [mm] Proximal Aortic Length [mm] Carotid-Femoral PWV [m/s]

Stroke Volume [ml] Heart Rate [bpm] Mean Blood Pressure [mmHg]

Source: [9]



Results
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Comparison with in vivo data
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Comparison with in vivo data
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Case Study



Determinants of Arterial Stiffness Indices
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Determinants of Arterial Stiffness Indices

PWVs (n = 5) ASIs (n = 192)

R2 : Coefficient of determination 0.94 – 1.00 0.00 – 0.80

Single
Photoplethysmogram

Simultaneous
Blood Pressures

Correlation with aortic pulse wave velocity (PWV):

PWVs (n = 5) ASIs (n = 192)

R2 : Coefficient of determination 0.94 – 1.00 0.00 – 0.80
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Determinants of Arterial Stiffness Indices
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Modified Ageing Index
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Determinants of Arterial Stiffness Indices
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Further Work



Constructing a Virtual Population
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Conclusions



Conclusions

Developed methods for:

• Modelling affects of ageing

• Modelling the photoplethysmogram

Application:

• in silico development of pulse wave algorithms
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