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Pathophysiology and Treatment of Cerebral Edema in Acute Liver Failure
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Early diagnosis and management of cerebral edema in acute liver failure is important to
reduce neurological complication and mortality. Ammonia-induced astrocyte swelling
and increased blood brain barrier permeability via transmembrane dysfunction are major
mechanisms of cerebral edema in acute liver failure. Conventional therapy can be used
to lower intracranial pressure. In addition, various treatment options are available to
reduce serum ammonia level. Herein, we described the pathophysiology, monitoring, and

management of cerebral edema in acute liver failure.
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Table 1. Severity of hepatic encephalopathy (West Haven criteria)

Grades Level of consciousness Cognitive function Psychiatric symptoms Neuromuscular function
1 Trivial lack of awareness, Shortened attention span Euphoria, depression Tremor, in-coordination with
sleep disorder or without asterixis
2 Lethargy, forgetfulness Disorientation to time, Inappropriate behavior, Slurred speech, hyperactive
amnesia of recent events anxiety reflexes
3 Somnolence (sleepiness) to  Confusion, gross Bizarre behavior Babinski reflex, rigidity

stupor disorientation

Coma (unresponsive to Inability to comply with

Inability to comply with Inability to comply with

verbal, noxious stimuli) testing testing testing
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Astrocyte

Figure 1. Cytotoxic astrocyte swelling due to oxidative stress in
the mitochondria. The excess glutamine transported into mito-
chondria and degraded into ammonia and glutamate by phos-
phate-activated glutaminase (PAG). Ammonia and glutamate
accumulated inside the mitochondria produce reactive oxygen
species, resulting in astrocyte swelling.
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Figure 2. Transcranial doppler waveform of middle cerebral artery from a patient with acute liver failure. Under normal circumstances,
the first peak is related to myocardial contractility and the second peak is produced by the distensibility of the arterial wall (asterisk
indicates diastolic vascular recoil). As intracranial pressure increases, peak systolic velocity increases and wave becomes sharpened due
to external compression of the artery. The second peak becomes reduced due to the reduced compliance of the artery and finally disap-

peared (loss of Windkessel effect).
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Table 2. The effects of hypothermia on reducing intracranial pressure (ICP) in acute liver failure

Target

Mechanism of ICP reduction

Ammonia

Arterial ammonia level |, brain ammonia delivery |, bacterial ammonia production from

intestinal mucosa |, ammonia release by kidney and proteolysis |

Brain osmolarity

Brain extracellular space
Brain metabolism
Cerebrovascular blood flow
Inflammation

Seizure activity Seizure activity |

Brain tissue lactate and alanine level |

Extracellular glutamate and nitric oxide production |

Brain glucose and oxygen consumption |, lactate production |

Stabilized cerebral blood flow, Cerebral hyperemia |, Brain ammonia uptake |

Arterial concentration and brain influx of inflammatory cytokines (TNF-alpha, IL-1b, IL-6) |

TNF-alpha, tumor necrosis factor-alpha; IL-1b, interleukin- 1 beta.
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