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Traumatic brain injury (TBI) is one of the leading causes of death and disability worldwide, affecting both
young people (mostly as a result of traffic accidents and violence) and the elderly (mostly as a result of
falls). In addition to expensive hospitalisation and treatment, TBI is associated with significant
socioeconomic costs as TBI patients often have to undergo long-term physical therapy, require assistance
with everyday activities and may not be able to return to work. Due to its complex nature, which includes
both primary injury to the brain and a large number of secondary complications, management of TBI
patients is very difficult and the subject of ongoing study. Numerous scientists and clinicians over the years
have tried to improve our understanding of the factors influencing the patient’s condition and propose new
diagnostic and therapeutic tools that would prevent it from worsening, reduce mortality and limit the
negative effects of brain injury on the patient’s life after hospitalisation. Intracranial pressure (ICP) is one
the most important signals monitored in TBI patients in modern neurointensive care units. ICP elevation is
considered a life-threatening complication that may result in secondary damage to the brain and increase
the risk of death. However, current clinical protocols are mostly based on observation of mean ICP value
and therapy is usually introduced after ICP increases have already happened, which means that it may not
be sufficient to prevent the damage from taking place. It has been proposed a long time ago that existing
management strategies may be improved by assessing the cerebrospinal system’s ability to compensate
changes in intracranial volume without potentially dangerous increases in pressure, which would allow for
identification of TBI patients at risk of intracranial hypertension before the rise in ICP manifests. The ICP
pulse waveform, which is the change in the ICP signal that occurs over a single cardiac cycle, has been
shown to change shape with decreasing volume buffering capacity. Under normal conditions, it resembles
a saw-tooth with three defined local maxima. As the compensatory reserve decreases, it becomes rounded
and only one of the maxima remains visible. Recently, we showed that different shapes of the ICP pulse
waveform can be automatically classified on scale from normal to pathological using artificial intelligence
methods and that the occurrence of pathologically changed pulses is higher in patients who died after TBI,
which supports the potential of using this method to improve the management of TBI patients.

However, the ICP pulse waveform is also influenced by other factors besides the compensatory
reserve and its source is believed to lie in arterial pulsations which travel through blood vessels to the
craniospinal compartment. As TBI may involve severe disturbances in the circulatory system, we
hypothesise that ICP pulse waveform analysis may also reflect the vascular factors that define the shape of
the arterial blood pressure (ABP) pulse and the two signals should be assessed in parallel to obtain a precise
description of the patient’s condition. In this project we aim to extend our previous studies by analysis of
the ABP pulse waveform and classify characteristic shapes of both ICP and ABP pulses observed in TBI
patients using artificial intelligence methods. The classification models we will develop will offer new tools
to study the changes in physiological signals monitored in TBI patients after injury. We plan to investigate
the ICP pulse shape in relation to the ABP signal in order to evaluate the possible effect of vascular factors
on the intracranial pressure—volume relationship. Moreover, we intend to examine the link between the
occurrence of different patterns of ICP and ABP pulses and the clinical status and outcome of TBI patients.
This analysis will improve our understanding of the processes that occur in the cerebrospinal space after
TBI and allow us to characterise the patient’s condition more accurately. This in turn will offer new insight
into the significance of changes observed in the ICP and ABP pulse waveforms and their importance for
prediction of the patient’s outcome.



