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maintain the serum glucose level at <10.0 mmol/L (<180 mg/dL),
although episodes of hypoglycemia appear equally detrimental and
the optimal targets remain uncertain. New cerebral monitoring
tools that allow continuous evaluation of brain tissue oxygen tension, CBF, and metabolism (via microdialysis) may further improve
the management of secondary brain injury.

CRITICAL CARE DISORDERS OF THE CENTRAL NERVOUS SYSTEM
HYPOXIC-ISCHEMIC ENCEPHALOPATHY
This occurs from lack of delivery of oxygen to the brain because of
extreme hypotension (hypoxia-ischemia) or hypoxia due to respiratory
failure. Causes include myocardial infarction, cardiac arrest, shock,
asphyxiation, paralysis of respiration, and carbon monoxide or cyanide
poisoning. In some circumstances, hypoxia may predominate. Carbon
monoxide and cyanide poisoning are sometimes termed histotoxic
hypoxia because they cause a direct impairment of the respiratory chain.

Pathology Principal histologic findings are extensive multifocal or diffuse laminar cortical necrosis (Fig. 330-4), with frequent involvement
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Figure 330-4 Cortical laminar necrosis in hypoxic-ischemic
encephalopathy. T1-weighted postcontrast magnetic resonance
imaging shows cortical enhancement in a watershed distribution
consistent with laminar necrosis.
of the hippocampus. The hippocampal CA1 neurons are vulnerable to
even brief episodes of hypoxia-ischemia, perhaps explaining why selective persistent memory deficits may occur after brief cardiac arrest.
Scattered small areas of infarction or neuronal loss may be present in
the basal ganglia, hypothalamus, or brainstem. In some cases, extensive
bilateral thalamic scarring may affect pathways that mediate arousal,
and this pathology may be responsible for the persistent vegetative
state. A specific form of hypoxic-ischemic encephalopathy, so-called
watershed infarcts, occurs at the distal territories between the major
cerebral arteries and can cause cognitive deficits, including visual
agnosia, and weakness that is greater in proximal than in distal muscle
groups.
Diagnosis Diagnosis is based on the history of a hypoxic-ischemic
event such as cardiac arrest. Blood pressure <70 mmHg systolic or
Pao2 <40 mmHg is usually necessary, although both absolute levels
and duration of exposure are important determinants of cellular
injury. Carbon monoxide intoxication can be confirmed by measurement of carboxyhemoglobin and is suggested by a cherry red color
of the venous blood and skin, although the latter is an inconsistent
clinical finding.
TREATMENT

CHAPTER 330 Neurologic Critical Care

Clinical Manifestations Mild degrees of pure hypoxia, such as occur at
high altitudes, cause impaired judgment, inattentiveness, motor incoordination, and, at times, euphoria. However, with hypoxia-ischemia,
such as occurs with circulatory arrest, consciousness is lost within seconds. If circulation is restored within 3–5 min, full recovery may occur,
but if hypoxia-ischemia lasts beyond 3–5 min, some degree of permanent cerebral damage usually results. Except in extreme cases, it may
be difficult to judge the precise degree of hypoxia-ischemia, and some
patients make a relatively full recovery after even 8–10 min of global
cerebral ischemia. The brain is more tolerant to pure hypoxia than it is
to hypoxia-ischemia. For example, a Pao2 as low as 20 mmHg (2.7 kPa)
can be well tolerated if it develops gradually and normal blood pressure
is maintained, whereas short durations of very low or absent cerebral
circulation usually result in permanent impairment.
Clinical examination at different time points after a hypoxicischemic insult (especially cardiac arrest) is useful in assessing prognosis for long-term neurologic outcome. The prognosis is better
for patients with intact brainstem function, as indicated by normal
pupillary light responses and intact oculocephalic (doll’s eyes), oculovestibular (caloric), and corneal reflexes. Absence of these reflexes and
the presence of persistently dilated pupils that do not react to light are
grave prognostic signs. A low likelihood of a favorable outcome from
hypoxic-ischemic coma is strongly suggested by an absent pupillary
light reflex or extensor or absent motor response to pain on day 3 following the injury, excluding patients with metabolic disturbances and
those treated with high-dose barbiturates or hypothermia, which confound interpretation of these signs. Electrophysiologically, the bilateral
absence of the N20 component of the somatosensory evoked potential
(SSEP) in the first several days also conveys a poor prognosis. A very
elevated serum level (>33 μg/L) of the biochemical marker neuronspecific enolase (NSE) is indicative of brain damage after resuscitation
from cardiac arrest and predicts a poor outcome. However, at present,
SSEPs and NSE levels may be difficult to obtain in a timely fashion,
with SSEP testing requiring substantial expertise in interpretation
and NSE measurements not yet standardized. Recent studies suggest
that the administration of mild hypothermia after cardiac arrest (see
“Treatment”) may affect the time points when these clinical and electrophysiologic predictors become reliable in identifying patients with
a very low likelihood of clinically meaningful recovery. For example,
the false-positive rate for incorrect prediction of poor neurologic outcome may be as high as 21% (95% confidence interval [CI] 8–43%)
for patients treated with mild hypothermia who exhibit 3-day motor
function no better than extensor posturing. Long-term consequences
of hypoxic-ischemic encephalopathy include persistent coma or a
vegetative state (Chap. 328), dementia, visual agnosia (Chap. 36),
parkinsonism, choreoathetosis, cerebellar ataxia, myoclonus, seizures,
and an amnestic state, which may be a consequence of selective damage to the hippocampus.

Hypoxic-Ischemic Encephalopathy

Treatment should be directed at restoration of normal cardiorespiratory function. This includes securing a clear airway, ensuring
adequate oxygenation and ventilation, and restoring cerebral perfusion, whether by cardiopulmonary resuscitation, fluid, pressors,
or cardiac pacing. Hypothermia may target the neuronal cell injury
cascade and has substantial neuroprotective properties in experimental models of brain injury. In two trials, mild hypothermia (33°C)
improved functional outcome in patients who remained comatose
after resuscitation from a cardiac arrest. Treatment was initiated
within minutes of cardiac resuscitation and continued for 12 h in
one study and 24 h in the other. Potential complications of hypothermia include coagulopathy and an increased risk of infection.
Based on these studies, the International Liaison Committee on
Resuscitation issued the following advisory statement: “Unconscious
adult patients with spontaneous circulation after out-of-hospital
cardiac arrest should be cooled to 32°–34°C for 12–24 h when the
initial rhythm was ventricular fibrillation. Such cooling may also be
beneficial for other rhythms or in-hospital cardiac arrest.”
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