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Severe carbon monoxide intoxication may be treated with hyperbaric oxygen. Anticonvulsants may be needed to control seizures,
although these are not usually given prophylactically. Posthypoxic
myoclonus may respond to oral administration of clonazepam at
doses of 1.5–10 mg daily or valproate at doses of 300–1200 mg daily
in divided doses. Myoclonic status epilepticus within 24 h after a
primary circulatory arrest generally portends a very poor prognosis,
even if seizures are controlled.
Carbon monoxide and cyanide intoxication can also cause a
delayed encephalopathy. Little clinical impairment is evident when
the patient first regains consciousness, but a parkinsonian syndrome characterized by akinesia and rigidity without tremor may
develop. Symptoms can worsen over months, accompanied by
increasing evidence of damage in the basal ganglia as seen on both
CT and MRI.

PART 12
Critical Care Medicine

METABOLIC ENCEPHALOPATHIES
Altered mental states, variously described as confusion, delirium,
disorientation, and encephalopathy, are present in many patients
with severe illness in an intensive care unit (ICU). Older patients are
particularly vulnerable to delirium, a confusional state characterized
by disordered perception, frequent hallucinations, delusions, and
sleep disturbance. This is often attributed to medication effects, sleep
deprivation, pain, and anxiety. The presence of delirium is associated
with worsened outcome in critically ill patients, even in those without
an identifiable CNS pathology such as stroke or brain trauma. In
these patients, the cause of delirium is often multifactorial, resulting
from organ dysfunction, sepsis, and especially the use of medications
given to treat pain, agitation, or anxiety. Critically ill patients are often
treated with a variety of sedative and analgesic medications, including
opiates, benzodiazepines, neuroleptics, and sedative-anesthetic medications, such as propofol. In critically ill patients requiring sedation,
use of the centrally acting α2 agonist dexmedetomidine may reduce
delirium and shorten the duration of mechanical ventilation compared
to the use of benzodiazepines such as lorazepam or midazolam. The
presence of family members in the ICU may also help to calm and
orient agitated patients, and in severe cases, low doses of neuroleptics
(e.g., haloperidol 0.5–1 mg) can be useful. Current strategies focus on
limiting the use of sedative medications when this can be done safely.
In the ICU setting, several metabolic causes of an altered level of
consciousness predominate. Hypercarbic encephalopathy can present
with headache, confusion, stupor, or coma. Hypoventilation syndrome
occurs most frequently in patients with a history of chronic CO2 retention who are receiving oxygen therapy for emphysema or chronic
pulmonary disease (Chap. 318). The elevated Paco2 leading to CO2
narcosis may have a direct anesthetic effect, and cerebral vasodilation
from increased Paco2 can lead to increased ICP. Hepatic encephalopathy is suggested by asterixis and can occur in chronic liver failure or
acute fulminant hepatic failure. Both hyperglycemia and hypoglycemia
can cause encephalopathy, as can hypernatremia and hyponatremia.
Confusion, impairment of eye movements, and gait ataxia are the hallmarks of acute Wernicke’s disease (see below).
SEPSIS-ASSOCIATED ENCEPHALOPATHY
Pathogenesis In patients with sepsis, the systemic response to infectious agents leads to the release of circulating inflammatory mediators
that appear to contribute to encephalopathy. Critical illness, in association with the systemic inflammatory response syndrome (SIRS),
can lead to multisystem organ failure. This syndrome can occur in the
setting of apparent sepsis, severe burns, or trauma, even without clear
identification of an infectious agent. Many patients with critical illness,
sepsis, or SIRS develop encephalopathy without obvious explanation.
This condition is broadly termed sepsis-associated encephalopathy.
Although the specific mediators leading to neurologic dysfunction
remain uncertain, it is clear that the encephalopathy is not simply the
result of metabolic derangements of multiorgan failure. The cytokines
tumor necrosis factor, interleukin (IL)-1, IL-2, and IL-6 are thought to
play a role in this syndrome.
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Diagnosis Sepsis-associated encephalopathy presents clinically as a
diffuse dysfunction of the brain without prominent focal findings.
Confusion, disorientation, agitation, and fluctuations in level of
alertness are typical. In more profound cases, especially with hemodynamic compromise, the decrease in level of alertness can be more
prominent, at times resulting in coma. Hyperreflexia and frontal
release signs such as a grasp or snout reflex (Chap. 36) can be seen.
Abnormal movements such as myoclonus, tremor, or asterixis can
occur. Sepsis-associated encephalopathy is quite common, occurring in the majority of patients with sepsis and multisystem organ
failure. Diagnosis is often difficult because of the multiple potential
causes of neurologic dysfunction in critically ill patients and requires
exclusion of structural, metabolic, toxic, and infectious (e.g., meningitis or encephalitis) causes. The mortality rate of patients with
sepsis-associated encephalopathy severe enough to produce coma
approaches 50%, although this principally reflects the severity of the
underlying critical illness and is not a direct result of the encephalopathy. Patients dying from severe sepsis or septic shock may have
elevated levels of the serum brain injury biomarker S-100β and neuropathologic findings of neuronal apoptosis and cerebral ischemic
injury. Successful treatment of the underlying critical illness almost
always results in substantial improvement of the encephalopathy.
However, although severe disability to the level of chronic vegetative
or minimally conscious states is uncommon, long-term cognitive
dysfunction clinically similar to dementia is being increasingly recognized in some survivors.
CENTRAL PONTINE MYELINOLYSIS
This disorder typically presents in a devastating fashion as quadriplegia and pseudobulbar palsy. Predisposing factors include severe
underlying medical illness or nutritional deficiency; most cases are
associated with rapid correction of hyponatremia or with hyperosmolar states. The pathology consists of demyelination without inflammation in the base of the pons, with relative sparing of axons and nerve
cells. MRI is useful in establishing the diagnosis (Fig. 330-5) and may
also identify partial forms that present as confusion, dysarthria, and/or
disturbances of conjugate gaze without quadriplegia. Occasional cases
present with lesions outside of the brainstem. Therapeutic guidelines
for the restoration of severe hyponatremia should aim for gradual correction, i.e., by ≤10 mmol/L (10 meq/L) within 24 h and 20 mmol/L
(20 meq/L) within 48 h.

Figure 330-5 Central pontine myelinolysis. Axial T2-weighted
magnetic resonance scan through the pons reveals a symmetric area
of abnormal high signal intensity within the basis pontis (arrows).
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