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1 ABSTRACT

The aim is to provide an overview of decompressive craniectomies and to perform a prelaminar
numerical simulation of this surgical procedure.

Surgical reduction of intracranial pressure by this technique does not necessarily lead to better
patient outcomes and, at least in some circumstances, appears to worsen them. However, it is
important not to simply abandon the procedure. Rather, the risks and benefits of decompressive
craniectomy need to be considered more carefully before the procedure is performed, and
appropriate clinical settings for the procedure need to be defined [1]. This work reviews the
material characterisation of the brain and the mechanics behind craniectomy, which provide
important information for in silico modelling of craniectomy.

2 INTRODUCTION

Decompressive craniectomy (DC) is a surgical treatment for diffuse cerebral edema or focal
hematomas that cause intracranial hypertension (ICP). The benefit of DC is to reduce ICP and the
risk of herniation, and to reduce secondary injury by improving brain tissue oxygenation, cerebral
perfusion and cerebral metabolism. However, the use of DC as an early treatment may lead to
poor outcomes, possibly due to persistent or increased intracranial hypertension (despite
decompression) or to significant complications. Careful selection of patients for this potentially
life-saving therapy is therefore essential [2].

3 BIOMECHANICS OF D.C.

The mechanical nature of decompressive craniectomies essentially describes the way the brain
behaves when subjected to stress and strain perioperatively.

The main reason for performing decompressive craniectomies is an uncontrolled increase in
intracranial pressure due to haemorrhage, infection, tumour growth, high altitude, ischaemic
stroke or traumatic brain injury. The increase in pressure leads to tissue compression and damage
to blood vessels. Intracranial pressure is considered worthy of intervention when it is 20 mmHg
or higher [3].

The main dilemma faced by neurosurgeons when treating a patient with cerebral swelling is a
mechanical problem of stresses and strains: on the one hand, high stresses due to increased
intracranial pressure lead to ischaemia and therefore tissue death; on the other hand, surgical
opening of the skull relieves the pressure, but critically high strains (as low as 3-5%) occur, which
can cause permanent damage to axons (one of the main structures that make up neurons) [3]. This
critical feature imposes a minimum size of the opening radius, a, to limit the height of the bulge
to h=0.3a, suggesting that swelling volumes of 80-160 cm? requires amin = 5-6 cm.
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4 BIOMECHANICAL SIMULATIONS OF DC

A simplified model based on the bulging problem described above was created in Abaqus (Figure
1). The model is axisymmetric in nature and consists of a 100x100mm deformable shell
(representing a portion of the brain) and an analytical rigid wire with a radius of 1.5mm
(representing the skull-perforation boundary). The distance between the axis of symmetry and the
cranial opening is 65 mm, based on the 12-15 cm diameter opening for surgical practice given in

[3].
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Figure 1 — Mesh model.

The maximum absolute vertical logarithmic strain occurs close to the wire radius, the maximum
positive value of this variable occurs close to the axis of symmetry (Figure 2). The ranges of
values differ from [4], but this may be since the strains presented in this report are logarithmic.
Regarding the bulging itself, as expected, the maximum vertical displacement occurs for r = 0
(axis of symmetry) and reaches a value of 4.312 mm. The results depend strongly on the model
used and on how the tissue properties were measured.
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Figure 2 — Contour plot of vertical logarithmic strain (left) and displacement amount (right) in the current
configurationl.
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