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Background
Cerebral vasospasm (CVS) is the progressive narrowing of
intracranial arteries following brain hæmorrhage [1]. Currently,
its diagnosis relies on monitoring mean blood velocity with
transcranial Doppler (TCD). Using velocity as CVS biomarker is
effective when TCD measurements are performed on the
narrowing vessel. When CVS affects the peripheral vasculature,
the velocity biomarker becomes less effective and CVS is not
detected until the condition becomes severe.

Methods
A mechanistic 1D model of the cerebral circulation was
developed to study the influence of vessel narrowing on pulse
waveforms that propagate through our system (Figure 1). A
sensitivity analysis empowered by Gaussian process (GP)
emulation [2] was performed to identify those waveform
features that are most sensitive to vessel narrowing indicative of
CVS. The use of GP emulators reduced the computational cost of
the analysis by 95% compared to a full Monte Carlo analysis.

Figure 1. Diagram of the whole cerebral circulation and, in red, the part of the
network affected by CVS.

Results
A CVS occurring at the measurement location caused an increase
(more than 150%) of the mean velocity biomarker (Fig.2).
However, when CVS affects peripheral vessels and the
measurement point is proximal, the mean velocity biomarker was
only marginally affected by the vessel lumen reduction. Instead,
the minimum gradient of the velocity waveform was sensitive to
CVS in distal arteries. Increase (up to 150%) of this biomarker
occurred for all the CVS configurations tested.
Figure 2. (a) Proximal and (b) distal CVS simulation results in terms of velocity biomarkers

Conclusions
The proposed computational approach identified a
waveform-based biomarker, minimum velocity gradient, which is
more sensitive to the inception and progression of the pathology
than current clinical diagnostic measures. The results and
methodology of this study have the potential not only to improve
the diagnosis and monitoring of vasospasm, but also to be used
in the diagnosis of many other cardiovascular diseases where
cardiovascular waves can be decoded to provide disease
characterisation.
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