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Figure 330-2 Ischemia and vasodilatation. Reduced cerebral
perfusion pressure (CPP) leads to increased ischemia, vasodilation,
increased intracranial pressure (ICP), and further reductions in CPP, a
cycle leading to further neurologic injury. CBV, cerebral blood volume;
CMR, cerebral metabolic rate; CSF, cerebrospinal fluid; SABP, systolic
arterial blood pressure. (Adapted from MJ Rosner et al: J Neurosurg
83:949, 1995; with permission.)

APPROACH TO THE PATIENT:
Severe Central Nervous System Dysfunction
Critically ill patients with severe central nervous system (CNS) dysfunction require rapid evaluation and intervention in order to limit
primary and secondary brain injury. Initial neurologic evaluation
should be performed concurrent with stabilization of basic respiratory, cardiac, and hemodynamic parameters. Significant barriers
may exist to neurologic assessment in the critical care unit, including endotracheal intubation and the use of sedative or paralytic
agents to facilitate procedures.
An impaired level of consciousness is common in critically
ill patients. The essential first task in assessment is to determine
whether the cause of dysfunction is related to a diffuse, usually
metabolic, process or whether a focal, usually structural, process is implicated. Examples of diffuse processes include metabolic encephalopathies related to organ failure, drug overdose, or
hypoxia-ischemia. Focal processes include ischemic and hemorrhagic stroke and traumatic brain injury, especially with intracranial hematomas. Because these two categories of disorders have
fundamentally different causes, treatments, and prognoses, the
initial focus is on making this distinction rapidly and accurately.
The approach to the comatose patient is discussed in Chap. 328;
etiologies are listed in Table 328-1.
Minor focal deficits may be present on the neurologic examination in patients with metabolic encephalopathies. However, the
finding of prominent focal signs such as pupillary asymmetry,
hemiparesis, gaze palsy, or paraplegia should suggest the possibility of a structural lesion. All patients with a decreased level of
consciousness associated with focal findings should undergo an
urgent neuroimaging procedure, as should all patients with coma
of unknown etiology. Computed tomography (CT) scanning is usually the most appropriate initial study because it can be performed
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increases in volume eventually result in increased ICP. Obstruction
of CSF outflow, edema of cerebral tissue, or increases in volume from
tumor or hematoma may increase ICP. Elevated ICP diminishes cerebral perfusion and can lead to tissue ischemia. Ischemia in turn may
lead to vasodilation via autoregulatory mechanisms designed to restore
cerebral perfusion. However, vasodilation also increases cerebral blood
volume, which in turn then increases ICP, lowers CPP, and provokes
further ischemia (Fig. 330-2). This vicious cycle is commonly seen in
traumatic brain injury, massive intracerebral hemorrhage, and large
hemispheric infarcts with significant tissue shifts.

quickly in critically ill patients and demonstrates hemorrhage,
hydrocephalus, and intracranial tissue shifts well. Magnetic resonance imaging (MRI) may provide more specific information in
some situations, such as acute ischemic stroke (diffusion-weighted
imaging [DWI]) and cerebral venous sinus thrombosis (magnetic
resonance venography [MRV]). Any suggestion of trauma from the
history or examination should alert the examiner to the possibility
of cervical spine injury and prompt an imaging evaluation using
plain x-rays, CT, or MRI.
Acute brainstem ischemia due to basilar artery thrombosis may
cause brief episodes of spontaneous extensor posturing superficially
resembling generalized seizures. Coma of sudden onset, accompanied by these movements and cranial nerve abnormalities, necessitates emergency imaging. A noncontrast CT scan of the brain
may reveal a hyperdense basilar artery indicating thrombus in the
vessel, and subsequent CT or MR angiography can assess basilar
artery patency.
Other diagnostic studies are best used in specific circumstances,
usually when neuroimaging studies fail to reveal a structural lesion
and the etiology of the altered mental state remains uncertain.
Electroencephalography (EEG) can be important in the evaluation
of critically ill patients with severe brain dysfunction. The EEG of
metabolic encephalopathy typically reveals generalized slowing.
One of the most important uses of EEG is to help exclude inapparent seizures, especially nonconvulsive status epilepticus. Untreated
continuous or frequently recurrent seizures may cause neuronal
injury, making the diagnosis and treatment of seizures crucial in
this patient group. Lumbar puncture (LP) may be necessary to
exclude infectious or inflammatory processes, and an elevated
opening pressure may be an important clue to cerebral venous sinus
thrombosis. In patients with coma or profound encephalopathy, it is
preferable to perform a neuroimaging study prior to LP. If bacterial
meningitis is suspected, an LP may be performed first or antibiotics
may be empirically administered before the diagnostic studies are
completed. Standard laboratory evaluation of critically ill patients
should include assessment of serum electrolytes (especially sodium
and calcium), glucose, renal and hepatic function, complete blood
count, and coagulation. Serum or urine toxicology screens should
be performed in patients with encephalopathy of unknown cause.
EEG, LP, and other specific laboratory tests are most useful when
the mechanism of the altered level of consciousness is uncertain;
they are not routinely performed in clear-cut cases of stroke or
traumatic brain injury.
Monitoring of ICP can be an important tool in selected patients.
In general, patients who should be considered for ICP monitoring are those with primary neurologic disorders, such as stroke or
traumatic brain injury, who are at significant risk for secondary
brain injury due to elevated ICP and decreased CPP. Included are
patients with the following: severe traumatic brain injury (Glasgow
Coma Scale [GCS] score ≤8 [see Table 457e-2]); large tissue shifts
from supratentorial ischemic or hemorrhagic stroke; or hydrocephalus from subarachnoid hemorrhage (SAH), intraventricular
hemorrhage, or posterior fossa stroke. An additional disorder in
which ICP monitoring can add important information is fulminant
hepatic failure, in which elevated ICP may be treated with barbiturates or, eventually, liver transplantation. In general, ventriculostomy is preferable to ICP monitoring devices that are placed in the
brain parenchyma, because ventriculostomy allows CSF drainage
as a method of treating elevated ICP. However, parenchymal ICP
monitoring is most appropriate for patients with diffuse edema and
small ventricles (which may make ventriculostomy placement more
difficult) or any degree of coagulopathy (in which ventriculostomy
carries a higher risk of hemorrhagic complications) (Fig 330-3).
Treatment of Elevated ICP Elevated ICP may occur in a wide range
of disorders, including head trauma, intracerebral hemorrhage,
SAH with hydrocephalus, and fulminant hepatic failure. Because
CSF and blood volume can be redistributed initially, by the time
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