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Introduction individualized blood pressure targets based on preoperative imaging,
comorbidities and intraoperative neuromonitoring. Agents like phenylephrine
and norepinephrine are often used to maintain MAP, but their impact on
cerebral vasoconstriction and perfusion must be carefully considered.
Hemodynamic stability can be supported through fluid management,
vasopressors and monitoring tools such as transcranial Doppler ultrasound or
cerebral oximetry. In patients with elevated ICP, special consideration must
be given to venous return and head positioning, as jugular venous obstruction
can lead to further pressure elevation. Mannitol and hypertonic saline are
commonly employed to decrease brain volume via osmotic shifts, with dose
and timing tailored to surgical milestones. Intraoperative complications such
as brain swelling or sudden ICP spikes demand rapid intervention and may
require temporary adjustments in anesthetic depth or ventilation parameters.
In specific scenarios, such as arteriovenous malformations or tumors near
eloquent areas, maintaining consistent cerebral perfusion is crucial to prevent
intraoperative infarction or postoperative deficits. Collectively, the nuanced
interplay between systemic hemodynamics and intracranial physiology
necessitates vigilant, dynamic anesthetic management guided by real-time
monitoring and surgical coordination [3-4].

   The integration of cerebral hemodynamic monitoring and ICP control into
neuroanesthesia practice continues to evolve with technological advances
and a deeper understanding of cerebral physiology. Innovations such as
multimodal neuromonitoring including near-infrared spectroscopy (NIRS),
brain tissue oxygen tension (PbtO₂) and microdialysis offer more detailed
insights into cerebral metabolism and perfusion during surgery. These tools
help guide intraoperative interventions in real time and support the early
detection of perfusion deficits or secondary brain injury. Non-invasive
techniques such as transcranial Doppler and optic nerve sheath diameter
ultrasound are becoming more accessible and can assist in decision-making
without invasive ICP monitoring. The future of cerebral hemodynamic
management in neuroanesthesia will likely involve integration with artificial
intelligence and predictive analytics, enabling anesthesiologists to anticipate
ICP trends and hemodynamic shifts before they manifest clinically [5]. 

    Understanding cerebral hemodynamics and Intracranial Pressure (ICP) is
fundamental to neuroanesthesia, as anesthetic interventions directly influence
Cerebral Blood Flow (CBF), brain oxygenation and intracranial dynamics. The
brain is enclosed within the rigid skull, making it highly sensitive to volume
changes in blood, Cerebrospinal Fluid (CSF), or brain tissue, all of which
contribute to overall ICP. The Monro-Kellie doctrine, a foundational concept in
neurophysiology, asserts that the cranial volume remains constant, so any
increase in one component must be offset by a decrease in another to prevent
pressure elevation. Cerebral Perfusion Pressure (CPP), defined as the
difference between mean arterial pressure (MAP) and ICP, is a critical
determinant of cerebral blood supply. Maintaining an adequate CPP is essential
during neurosurgical procedures to prevent ischemia, particularly in patients
with mass lesions, traumatic brain injury, or hydrocephalus [1]. 

Description
    Anesthetic agents affect both cerebral metabolism and vascular tone, thereby
altering CBF and ICP in complex ways. Volatile agents tend to cause cerebral
vasodilation, potentially increasing CBF and ICP, whereas intravenous agents
like propofol and thiopental reduce metabolic demand and CBF, leading to ICP
reduction. Hypercapnia causes cerebral vasodilation and increased ICP, while
hypocapnia leads to vasoconstriction and decreased CBF, necessitating careful
ventilation control during anesthesia. The choice of anesthetic and ventilatory
strategies must therefore be tailored to the patient's baseline cerebral dynamics
and surgical requirements. Brain relaxation techniques such as head elevation,
hyperosmolar therapy and controlled hyperventilation are commonly used to
reduce intracranial volume and optimize surgical conditions. Continuous
monitoring of intracranial dynamics using invasive ICP monitoring or surrogate
markers like optic nerve sheath diameter is particularly important in high-risk
cases. The goal in neuroanesthesia is to balance adequate anesthesia and
analgesia with the preservation of optimal cerebral perfusion and pressure
homeostasis [2].

   Perioperative management of cerebral hemodynamics requires close
attention to systemic parameters, as hypotension or hypertension can
significantly impact brain perfusion and safety. Intraoperative hypotension, if
uncorrected, can reduce CPP below the threshold for ischemia, leading to
irreversible brain injury. On the other hand, uncontrolled hypertension may
exacerbate cerebral edema, hemorrhage, or aneurysmal rupture, especially in
patients with compromised autoregulation. Autoregulatory mechanisms in the
brain normally maintain constant CBF over a wide range of blood pressures;
however, in injured or diseased brains, this capacity may be impaired, shifting
the autoregulatory curve. Anesthesiologists must therefore aim for 
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Conclusion
    Enhanced data visualization platforms can support team communication and
facilitate rapid response during critical events. Educational efforts must focus
on equipping anesthesiologists with the skills to interpret complex
neuromonitoring data and implement nuanced management strategies.
Evidence-based guidelines are needed to standardize ICP thresholds, CPP
targets and anesthetic choices across various neurosurgical conditions.
Collaborative efforts between neuroanesthesiologists, neurosurgeons and
intensivists are essential to ensure continuity of care from the operating room
through postoperative recovery. Global disparities in access to monitoring
technology highlight the need for scalable protocols adaptable to low-resource
settings. Ultimately, effective control of cerebral hemodynamics and ICP during
surgery is key to minimizing neurological complications and promoting optimal
outcomes. As the field advances, a personalized, physiology-driven approach
to neuroanesthesia will remain central to enhancing patient safety and
neurologic preservation.
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