BOX 12.2

HEPATIC ENCEPHALOPATHY

Hepatic encephalopathy is observed in patients with severe liver failure. The disease can be in one of two forms: an acute form, called fulminant hepatic failure, and a chronic form, called portosystemic encephalopathy. The neuropsychiatric symptoms of fulminant hepatic failure are delirium, coma, and seizures associated with acute toxic or viral hepatic failure. Patients having portosystemic encephalopathy may present personality changes, episodic confusion, or stupor and, in the most severe cases, coma. The current view on the pathophysiology of hepatic encephalopathy is that, due to liver failure, “toxic” substances that affect brain function accumulate in the circulation. 
One of the substances thought to be responsible for neuropsychiatric “toxicity” is ammonia. The neuropathological findings are rather striking: astrocytes are the brain cells that appear to be principally affected. In the acute form, astrocyte swelling is prominent and likely to be the cause of the observed acute brain edema. In portosystemic encephalopathy, astrocytes adopt characteristic morphological features: in these cells, the nucleus is pale and enlarged, chromatin is marginated, and a prominent nucleolus is often observed. Lipofuscin deposits may be present, and the amount of the astrocyte-specific protein glial fibrillary acidic protein is decreased. Neurons appear structurally normal. All the foregoing histopathological changes have been reproduced in vitro by acutely or chronically applying ammoniumchloride to primary astrocyte cultures. As mentioned earlier, detoxification of ammonium is an ATP-requiring, astrocyte-specific reaction catalyzed by glutamine synthase (see Figs. 12.9 and 12.10). It is therefore not surprising that excess ammonia perturbs energy metabolism; indeed, ammonia stimulates glycolysis, whereas it inhibits TCA cycle activity and decreases the glycogen content of astrocytes markedly. In addition, astrocytic accumulation of the osmotically active glutamine as a result of ammonia detoxification is thought to contribute at least partially to the swelling of astrocytes in hyperamonemic conditions. 
In summary, while the precise pathophysiological mechanisms of the neuropsychiatric syndrome in hepatic encephalopathy are still unknown, this clinical condition provides a striking illustration of the fundamental importance of neuron–astrocyte metabolic interactions because structural and functional alterations apparently restricted to astrocytes result in severe behavioral perturbations.
