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Cerebrovascular dynamics

Cerebrovascular dynamics refers to the physiological processes and mechanisms that regulate blood
flow within the brain's blood vessels. These dynamics are crucial for maintaining a stable and optimal
environment for the brain cells. Key components of cerebrovascular dynamics include cerebral blood
flow (CBF), cerebral perfusion pressure (CPP), and the regulation of these parameters.

Cerebral Blood Flow (CBF): CBF is the volume of blood that flows through the brain's blood vessels per
unit of time. It is a critical factor for delivering oxygen and nutrients to brain cells. The brain has an
intricate system of blood vessels that can regulate CBF to meet the metabolic demands of the brain
tissue.

Cerebral Autoregulation: Cerebral autoregulation is the ability of the brain to maintain a relatively
constant blood flow despite changes in systemic blood pressure. This mechanism helps ensure a
stable supply of oxygen and nutrients to the brain over a range of blood pressure levels.

Intracranial Pressure (ICP): ICP is the pressure within the skull and around the brain. Changes in ICP
can affect cerebral blood flow. Elevated ICP, as seen in conditions like traumatic brain injury, can
compromise blood flow to the brain.

Cerebral Perfusion Pressure (CPP): CPP is the pressure gradient that drives blood flow to the brain. It is
calculated as the the difference between mean arterial pressure (MAP) and intracranial pressure (CPP
= MAP - ICP). Maintaining an adequate CPP is essential for ensuring sufficient blood flow to meet the
brain's metabolic needs.

Autoregulatory Range: The brain has an autoregulatory range within which it can maintain a relatively
constant blood flow. Below a certain lower limit of blood pressure and above a certain upper limit,
autoregulation may become compromised.

Neurovascular Coupling: This refers to the relationship between neural activity and changes in local
CBF. When a specific brain region becomes active, there is a corresponding increase in blood flow to
meet the increased metabolic demands of that region.

Understanding cerebrovascular dynamics is crucial in the management of various neurological
conditions, including stroke, traumatic brain injury, and neurodegenerative diseases. Monitoring and
assessing these dynamics help clinicians optimize interventions to maintain adequate cerebral
perfusion and protect brain function.

Current guidelines suggests a target of partial pressure of carbon dioxide (PaCO2) of 32-35 mmHg
(mild hypocapnia) as tier 2 for the intracranial hypertension management. However, the effects of
mild hyperventilation on cerebrovascular dynamics are not completely elucidated. This study aims to
evaluate the changes in intracranial pressure (ICP), cerebral autoregulation (measured through
pressure reactivity index, PRx), and regional cerebral oxygenation (rSO2) parameters before and after
induction of mild hyperventilation. A single-center, observational study including patients with acute
brain injury (ABI) admitted to the intensive care unit undergoing multimodal neuromonitoring and
requiring titration of PaCO2 values to mild hypocapnia as tier 2 for the management of intracranial
hypertension. Twenty-five patients were included in this study (40% female), with a median age of
64.7 years (Interquartile Range, IQR = 45.9-73.2). Median Glasgow Coma Scale was 6 (IQR = 3-11).
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After mild hyperventilation, PaCO2 values decreased (from 42 (39-44) to 34 (32-34) mmHg, p <
0.0001), ICP and PRx significantly decreased (from 25.4 (24.1-26.4) to 17.5 (16-21.2) mmHg, p <
0.0001, and from 0.32 (0.1-0.52) to 0.12 (-0.03-0.23), p < 0.0001). rSO2 was statistically but not
clinically significantly reduced (from 60% (56-64) to 59% (54-61), p < 0.0001), but the arterial
component of rSO2 (ΔO2Hbi, changes in concentration of oxygenated hemoglobin of the total rSO2)
decreased from 3.83 (3-6.2) μM.cm to 1.6 (0.5-3.1) μM.cm, p = 0.0001. Mild hyperventilation can
reduce ICP and improve cerebral autoregulation, with minimal clinical effects on cerebral oxygenation.
However, the arterial component of rSO2 was significantly reduced. Multimodal neuromonitoring is
essential when titrating PaCO2 values for ICP management 1).
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