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ABSTRACT

Cerebral edema, characterized by abnormal fluid accumulation in brain tissue leading to

increased intracranial pressure, poses significant challenges for anesthesiologists. This review

delves into the pathophysiology, clinical manifestations, diagnostic approaches,

pharmacological strategies, and anesthesiological considerations associated with cerebral

edema. Disruptions in the blood-brain barrier, alterations in cerebral blood flow, cellular

swelling, and aquaporin dysregulation contribute to the complexity of cerebral edema.

Clinical presentations vary, encompassing cognitive changes, seizures, and neurological

deficits. Accurate diagnosis relies on clinical assessments and neuroimaging, with MRI and

CT scans playing pivotal roles. Pharmacological interventions, including osmotic agents,

corticosteroids, diuretics, and barbiturates, target specific causes and symptoms.

Anesthesiological challenges encompass ICP monitoring, choice of anesthetic agents,

maintenance of cerebral perfusion, fluid management, temperature control, and collaboration

with neurosurgical teams. This multidisciplinary approach ensures optimal patient care and

emphasizes ongoing research collaboration for refining therapeutic strategies. This

comprehensive review provides valuable insights for clinicians managing cerebral edema,

offering a roadmap for tailored interventions and highlighting the need for continued

advancements in understanding and treating this critical condition.

Material and method:  

The literature review applied standard criteria and focused on PubMed articles using

keywords: cerebral edema, pathophysiology, aquaporin, blood-brain barrier, anesthesiology,

cerebral edema treatment, corticosteroids

Key Words: Cerebral edema, brain swelling, intracranial pressure, brain hemorrhage, brain

tumor
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INTRODUCTION

Cerebral edema is a term used for the abnormal accumulation of fluid within brain tissue,

which inevitably leads to an increase in intracranial pressure (ICP). It can be caused by

various medical conditions, such as traumatic brain injury, ischemic stroke, infectious

diseases, and other neurological disorders. Commonly known as „brain swelling” poses many

difficulties in treatment especially for anesthesiologists, who need to consider all kinds of

medical treatment and anesthesia, which may differ from standard, daily procedures. [3,4,5]

PATHOPHYSIOLOGY

Cerebral edema results from complex physiological processes that disrupt the balance of fluid

within the brain. When considering the issue of cerebral edema, it is important to list the

factors that can cause swelling. These include disorders of a vascular nature (strokes),

craniocerebral trauma (including hematomas), tumors, and inflammatory conditions

(encephalitis, brain abscess). [1]Understanding those pathomechanisms is crucial for precise

therapeutic interventions. In this section, we will focus on the most common causes in clinical

practice.

Blood–Brain Barrier (BBB) Disruption:

The term blood-brain barrier refers to a complex of cells that separates the brain interstitium

from the luminal contents of the cerebral vasculature. [2] In conditions such as brain

hemorrhage or inflammation blood-brain barrier might get damaged, which causes disruption

that allows plasma components to enter the brain. Plasma filled with ions and proteins triggers

an osmotic imbalance in brain tissue, this phenomenon causes brain tissue to expand (because

of attracted liquids) and increases pressure in the cranial cavity. [8,14,15]

On the other hand, brain cancers, particularly high-grade gliomas, create an osmotic gradient

due to increased cellular density. This gradient promotes water movement into the tumor cells,

contributing to vasogenic edema. [21]

In head injuries, traumatic forces can damage cell membranes, leading to the release of

intracellular ions. The resulting osmotic imbalance attracts water into the cells, causing

cytotoxic edema. [6,13,15,16]
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Cerebral Blood Flow Changes:

Brain hemorrhage alters cerebral blood flow dynamics. The accumulation of blood in the

intracranial space increases local pressure, influencing regional perfusion and contributing to

ischemia and edema in surrounding tissues. [9,15,16]

Inflammation-induced vasodilation and increased blood flow can exacerbate edema. The

release of vasoactive substances may lead to a dysregulated autoregulatory response, further

impacting cerebral blood flow. [9,15,16]

Cellular Swelling and Cytotoxic Oedema:

Cellular swelling is a hallmark of cytotoxic edema, often observed in ischemic conditions

following brain hemorrhage or head injuries. Energy failure during ischemia impairs the

function of ion pumps, leading to the accumulation of intracellular sodium and water.

In brain cancers, infiltrating tumor cells may disrupt the normal architecture of the brain,

causing cellular swelling and impairing local tissue function. [6,8,11]

Aquaporin Dysregualtion:

There are 14 known aquaporin channels, only aquaporin-1, aquaporin-4, aquaporin-9, and

aquaporin-11 are expressed in the CNS. Particularly Aquaporin-4 (AQP4), plays a role in the

movement of water across cell membranes. Dysregulation of aquaporins can exacerbate

cerebral edema. [2,13]

In inflammatory conditions, such as neuromyelitis optica spectrum disorders, autoantibodies

against AQP4 may contribute to edema by disrupting the water balance at the cellular

level. [13]

CLINICAL MANIFESTATIONS

The clinical manifestations of cerebral edema extend beyond those associated with brain

hemorrhage. In cases involving brain cancers, patients may exhibit additional symptoms,

including:

Cognitive Changes: Memory loss, personality changes, and cognitive decline may manifest

with brain cancers due to their impact on neural networks.

Seizures: Brain cancers, particularly gliomas, can induce seizures as a result of irritation to

surrounding brain tissue.

Inflammatory conditions, such as autoimmune encephalitis, may contribute to cerebral edema,

leading to symptoms such as:
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Psychiatric Symptoms: Changes in behavior, mood, and psychosis can be prominent features

of inflammation-induced cerebral edema.

Fever: Inflammatory responses may be accompanied by fever, contributing to the overall

clinical picture.

Head injuries, especially traumatic brain injuries (TBIs), present a spectrum of symptoms,

including:

Loss of Consciousness: The severity of head injuries may lead to transient or prolonged loss

of consciousness.

Amnesia:Memory loss regarding the events surrounding the injury is a common neurological

symptom.

Common neurological symptoms associated with cerebral edema and brain hemorrhage

include:

Headache: Often severe and persistent, headaches are a common early symptom resulting

from increased intracranial pressure.

Nausea and Vomiting: Increased intracranial pressure can stimulate the emetic centers in the

brain, leading to nausea and vomiting.

Altered Consciousness: Patients may experience a decline in alertness, ranging from mild

confusion to profound lethargy or coma.

Seizures: Cerebral edema, particularly in the context of brain hemorrhage, can irritate the

brain tissue, increasing the risk of seizures.

Focal Neurological Deficits: Depending on the location of cerebral edema or the site of

hemorrhage, patients may exhibit focal neurological deficits such as weakness, numbness, or

visual disturbances.

Impaired Coordination: Cerebral edema affecting the cerebellum may result in impaired

coordination and balance.

Changes in Vision: Blurred or double vision can occur due to increased pressure on the optic

nerve.

These symptoms, when observed in conjunction with risk factors such as trauma or

hypertension, warrant prompt medical evaluation. It is essential to recognize and differentiate

these symptoms from other neurological conditions to initiate appropriate diagnostic and

therapeutic measures promptly. [1,3,12]
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DIAGNOSTIC APPROACHES

Accurate diagnosis of cerebral edema relies on a combination of clinical assessment,

neuroimaging studies, and monitoring of intracranial pressure. Imaging modalities such as

magnetic resonance imaging (MRI) and computed tomography (CT) scans play a vital role in

identifying the presence and extent of cerebral edema. [6,9,12]

PHARMACOLOGICAL STRATEGIES

The pharmacological management of cerebral edema involves the use of various agents to

mitigate the underlying causes and alleviate symptoms. The choice of medication depends on

the type and severity of cerebral edema. Common pharmacological interventions include:

Osmotic Agents:

The most effective method of reducing cerebral edema by lowering the water content of the

extravascular extracellular space is osmotherapy, which aims to reduce the water content

within the brain by increasing the blood osmotic gradient.[1,17,19] Two commonly used

osmotic agents are mannitol and hypertonic saline.

Mannitol:

Mannitol is a sugar alcohol that acts as an osmotic diuretic. It is administered intravenously to

increase serum osmolality, leading to water extraction from brain cells. Mannitol is

particularly useful in treating cytotoxic edema associated with conditions like traumatic brain

injury and ischemic stroke. Its use is recommended at a dose of 1 g/kg body weight

administered every 3-4 hours, with control of plasma osmolality (maintaining osmolality in

the range of 300-310 mOsm/l) and control of electrolyte concentrations, as chronic use of

mannitol can lead to dyselectrolyaemia. While the use of mannitol is considered the gold

standard in the hospital setting, it is not recommended for use in the pre-hospital period.

[1,17,19]

Hypertonic Saline:

Hypertonic saline solutions, with concentrations ranging from 3% to 23.4%, can effectively

reduce cerebral edema. By increasing serum osmolality, hypertonic saline promotes the

movement of water from the intracellular to the extracellular space. This therapy is often

utilized in cases where rapid reduction of intracranial pressure is imperative. [17,19]
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Corticosteroids:

Corticosteroids, such as dexamethasone, may be considered in specific instances where

inflammation plays a significant role in cerebral edema. While their mechanism of action is

not entirely clear, corticosteroids are thought to reduce edema by stabilizing the blood-brain

barrier and suppressing inflammatory responses. Dexamethasone is usually used in doses of

4-6 mg every 4-6 hours. While corticosteroids are known to have a beneficial therapeutic

effect in cases of cerebral edema in brain tumors, in other cases (trauma, strokes) the

complications caused by their use, including fatalities, strongly argue against their

implementation. [1,18]

Diuretics:

Diuretics, such as furosemide, can be employed to reduce cerebral edema by increasing the

excretion of water and electrolytes through urine. Their use is often limited due to concerns

about potential dehydration and electrolyte imbalances. Diuretics may be considered in

combination with other therapies for managing vasogenic edema. For the treatment of

cerebral edema commonly used diuretic is furosemide at a dose of 0.7 mg/kg body weight

after osmotic medication (according to the researchers, the effect of osmotic medication is

then enhanced). [1]

Barbiturates:

In refractory cases of cerebral edema, where other interventions have proven ineffective,

barbiturates like pentobarbital may be used. These agents induce a state of burst suppression

on the electroencephalogram, reducing cerebral metabolic rate and intracranial pressure.

However, the use of barbiturates is associated with significant side effects and necessitates

careful monitoring. However, a meta-analysis of the available data from the literature showed

that the use of barbiturates does not affect the condition and prognosis of cerebral edema.[1]

Propofol:

Propofol, a sedative commonly used in intensive care units and for managing elevated

intracranial pressure (ICP), is cautioned against in traumatic brain injury (TBI) cases by the

Brain Trauma Foundation. Its clinical benefits in reducing ICP, similar to barbiturates, are not

well-established. Proposed mechanisms involve reducing cerebral metabolic rate and cerebral

blood volume. Evidence suggests propofol may directly affect cerebral edema by modulating
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aquaporin-4, potentially reducing neuroinflammatory responses. Despite its clinical use as

second-line therapy for elevated intracranial pressure, limited human studies exist on

propofol's efficacy in managing cerebral edema. Notably, propofol infusions, especially in

younger patients at higher doses, carry risks of propofol infusion syndrome, metabolic

acidosis, rhabdomyolysis, cardiac dysfunction, and hypertriglyceridemia, which can be fatal.

[3]

The management of cerebral edema resulting from brain cancers, inflammation, and head

injuries requires a multifaceted approach. In addition to the general therapeutic strategies

outlined earlier, specific interventions tailored to the underlying cause are crucial [20]:

Brain Cancers: Treatment may involve a combination of surgical resection, radiation therapy,

and chemotherapy. Corticosteroids, such as dexamethasone, are often utilized to reduce

edema and alleviate symptoms. [1,18]

Inflammation: Immunosuppressive therapies, such as corticosteroids or other disease-

modifying agents, may be employed to mitigate inflammatory responses and reduce cerebral

edema. [10]

Head Injuries: Management includes measures to control intracranial pressure, surgical

interventions if necessary, and rehabilitation to address neurological deficits.

It is crucial for healthcare professionals to carefully assess the patient's clinical condition and

tailor the pharmacological treatment approach based on the specific etiology and severity of

cerebral edema. Close monitoring and adjustments to the treatment plan may be required to

optimize therapeutic outcomes while minimizing potential adverse effects. [5]

ANESTHESIOLOGICAL CONSIDERATIONS

Managing patients with cerebral edema, whether preoperatively or during surgery, requires

careful consideration of anesthesiological factors to optimize outcomes. Key anesthesiological

challenges include:

Intracranial Pressure (ICP) Monitoring: In cases of cerebral edema, especially those

associated with brain tumors or head injuries, monitoring ICP becomes crucial during

anesthesia. Anesthetic agents and interventions should be chosen to maintain ICP within

acceptable limits. [5]
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Choice of Anesthetic Agents: Anesthetic agents are part of the medical management of

elevated intracerebral pressure. Although not directly affecting cerebral edema,

pharmacologically induced coma lowers intracerebral pressure by lowering the cerebral

metabolic demand of neurons and thus lowering the intracranial arterial volume.

[3] Anesthesiologists must select agents that provide adequate anesthesia while minimizing

the risk of exacerbating cerebral edema. Inhalational agents like isoflurane or intravenous

agents like propofol are commonly used with caution. [7]

Maintenance of Cerebral Perfusion: Ensuring adequate cerebral perfusion pressure is

essential to prevent ischemia. Anesthesiologists must balance factors such as blood pressure,

carbon dioxide levels, and oxygenation to maintain optimal cerebral blood flow. [7]

Fluid Management: Careful fluid management is crucial, as excessive fluid administration

can contribute to cerebral edema. Anesthesiologists need to tailor fluid therapy to the patient's

specific condition, taking into account factors such as osmolarity and colloid osmotic pressure.

[7,20]

Temperature Control: Hypothermia may be induced during some surgical procedures to

mitigate the risk of cerebral edema, especially in cases of brain injury. Anesthesiologists play

a vital role in monitoring and maintaining appropriate patient temperatures. [5]

Emergence from Anesthesia: The emergence phase requires special attention, as fluctuations

in blood pressure, carbon dioxide levels, and other factors can impact intracranial dynamics.

A smooth transition from anesthesia is essential to avoid abrupt changes in cerebral perfusion.

[5,7]

Collaboration with Neurosurgical Team: Effective communication and collaboration

between anesthesiologists and the neurosurgical team are paramount. The anesthesiologist

must be aware of the specific surgical goals, potential challenges, and the overall plan for

managing cerebral edema during and after the procedure.

CONCLUSION

Understanding the intricate mechanisms contributing to cerebral edema is essential for

tailoring effective medical interventions and improving patient rehabilitation. Recognition of

clinical manifestations, ranging from cognitive changes to focal neurological deficits, is

crucial for prompt medical evaluation and intervention. Anesthesiological considerations are

paramount in the management of patients with cerebral edema, requiring careful monitoring
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of intracranial pressure, careful selection of anesthetic agents, maintenance of cerebral

perfusion, fluid management, temperature control, and collaboration with the neurosurgical

team. The challenges posed by cerebral edema demand a multidisciplinary approach to ensure

optimal patient care and outcomes. Ongoing research and collaboration within the medical

community are crucial to enhance our understanding further and refine therapeutic approaches

for this life-threatening condition. It should be emphasized that the recommendations in this

review are based on available medical literature, which may not reflect all aspects of clinical

expertise and practical experience.
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