
Probabilistic sensitivity analysis

Alessandro Melis
Dr. A. Marzo, Prof. R.H. Clayton

� amelis1@sheffield.ac.uk

INSIGNEO Institute for in silico Medicine
Department of Mechanical Engineering

The University of Sheffield, UK

CURE Meeting, February 9th, 2016



Background
PhD aim: To model and to analyse the effects of age on
pulse waveforms by means of numerical methods.
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Common carotid artery benchmark. B2015: Boileau et al. (2015).
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Sensitivity analysis

How do changes in arterial tree properties influence waveform
features?
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Vascular model
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# 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
input R0p ϕ Ep Ed1 Ed2 R1 R2 C1 C2 ρ µ `p `d1 `d2 hp hd1 hd2

output min(Pp, Pb, Pd1 , Pd2) max(Pp, Pb, Pd1 , Pd2) Q̄d1/Q̄p Q̄d2/Q̄p PLp−1 PLp−2 cp cd1 cd2
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Feasibility

f (x) = O(d × 103)
d = 17;
tn ' 1′ 15′′;
tSA ' 15 days.
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Interpolation
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Emulator: model of a model

“ An emulator is a statistical approximation of a
simulator. [...] the emulator also provides a
[probability] distribution around that mean which
describes how close it is likely to be to the true f (x).

”
— O’Hagan (2006)
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Gaussian process
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Gaussian process

x

f(
x
)

simulator: 3x+cos(5x)

emulator
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r = 0.95, p = 0.001
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Gaussian process
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piecewise linear
emulator
linear regr.
95.4% confidence
training data

r = 0.95, p = 0.001
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Vascular model: GP training

N = 70 N = 17000
Numerical 1 h 25 m 14 d 17 h
GP 15.73 s
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Training data sample size
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Vascular model: sensitivity indices
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# 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
input R0p ϕ Ep Ed1 Ed2 R1 R2 C1 C2 ρ µ `p `d1 `d2 hp hd1 hd2

output min(Pp, Pb, Pd1 , Pd2) max(Pp, Pb, Pd1 , Pd2) Q̄d1/Q̄p Q̄d2/Q̄p PLp−1 PLp−2 cp cd1 cd2
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Vascular model: inputs collaboration
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Vascular model sensitivity analysis: MC validation
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Future work: vasospasm

Subarachnoid hæmorrage.
The Internet Stroke Center (2016)

Arterial narrowing;
aneurysm rupture in
subarachnoid space;
peaks in severity 1 week
after subarachnoid
hæmorrage;
possible cerebral ischemia;
transcranial doppler:
blood velocity
measurement.
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Future work: methodology

Middle Cerebral Artery
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Thank y u!
thoughts?
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