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Figure 330-3 Intracranial pressure and brain tissue oxygen monitoring. A ventriculostomy allows for drainage of cerebrospinal fluid
to treat elevated intracranial pressure (ICP). Fiberoptic ICP and brain
tissue oxygen monitors are usually secured using a screwlike skull
bolt. Cerebral blood flow and microdialysis probes (not shown) may
be placed in a manner similar to the brain tissue oxygen probe.
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elevated ICP occurs, intracranial compliance is severely impaired.
At this point, any small increase in the volume of CSF, intravascular
blood, edema, or a mass lesion may result in a significant increase
in ICP and a decrease in cerebral perfusion. This is a fundamental
mechanism of secondary ischemic brain injury and constitutes
an emergency that requires immediate attention. In general, ICP
should be maintained at <20 mmHg and CPP should be maintained at ≥60 mmHg.
Interventions to lower ICP are ideally based on the underlying
mechanism responsible for the elevated ICP (Table 330-2). For
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Table 330-2 S tepwise Approach to Treatment of Elevated
Intracranial Pressure (ICP)a
Insert ICP monitor—ventriculostomy versus parenchymal device
General goals: maintain ICP <20 mmHg and CPP ≥60 mmHg. For ICP >20–25
mmHg for >5 min:
1. Elevate head of the bed; midline head position
2. Drain CSF via ventriculostomy (if in place)
3. Osmotherapy—mannitol 25–100 g q4h as needed (maintain serum
osmolality <320 mosmol) or hypertonic saline (30 mL, 23.4% NaCl bolus)
4. Glucocorticoids—dexamethasone 4 mg q6h for vasogenic edema from
tumor, abscess (avoid glucocorticoids in head trauma, ischemic and
hemorrhagic stroke)
5. Sedation (e.g., morphine, propofol, or midazolam); add neuromuscular
paralysis if necessary (patient will require endotracheal intubation and
mechanical ventilation at this point, if not before)
6. Hyperventilation—to PaCO2 30–35 mmHg (short-term use or skip this
step)
7. Pressor therapy—phenylephrine, dopamine, or norepinephrine to
maintain adequate MAP to ensure CPP ≥60 mmHg (maintain euvolemia
to minimize deleterious systemic effects of pressors). May adjust target
CPP in individual patients based on autoregulation status.
8. Consider second-tier therapies for refractory elevated ICP
a. Decompressive craniectomy
b. High-dose barbiturate therapy (“pentobarb coma”)
c. Hypothermia to 33°C
Throughout ICP treatment algorithm, consider repeat head computed tomography to
identify mass lesions amenable to surgical evacuation. May alter order of steps based on
directed treatment to specific cause of elevated ICP.

a

Abbreviations: CPP, cerebral perfusion pressure; CSF, cerebrospinal fluid; MAP, mean arterial pressure; Paco2, arterial partial pressure of carbon dioxide.
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example, in hydrocephalus from SAH, the principal cause of elevated ICP is impairment of CSF drainage. In this setting, ventricular
drainage of CSF is likely to be sufficient and most appropriate. In
head trauma and stroke, cytotoxic edema may be most responsible,
and the use of osmotic agents such as mannitol or hypertonic saline
becomes an appropriate early step. As described above, elevated ICP
may cause tissue ischemia, and, if cerebral autoregulation is intact,
the resulting vasodilation can lead to a cycle of worsening ischemia.
Paradoxically, administration of vasopressor agents to increase
mean arterial pressure may actually lower ICP by improving perfusion, thereby allowing autoregulatory vasoconstriction as ischemia
is relieved and ultimately decreasing intracranial blood volume.
Early signs of elevated ICP include drowsiness and a diminished
level of consciousness. Neuroimaging studies may reveal evidence
of edema and mass effect. Hypotonic IV fluids should be avoided,
and elevation of the head of the bed is recommended. Patients
must be carefully observed for risk of aspiration and compromise
of the airway as the level of alertness declines. Coma and unilateral
pupillary changes are late signs and require immediate intervention. Emergent treatment of elevated ICP is most quickly achieved
by intubation and hyperventilation, which causes vasoconstriction and reduces cerebral blood volume. To avoid provoking or
worsening cerebral ischemia, hyperventilation, if used at all, is best
administered only for short periods of time until a more definitive
treatment can be instituted. Furthermore, the effects of hyperventilation on ICP are short-lived, often lasting only for several hours
because of the buffering capacity of the cerebral interstitium, and
rebound elevations of ICP may accompany abrupt discontinuation
of hyperventilation. As the level of consciousness declines to coma,
the ability to follow the neurologic status of the patient by examination lessens and measurement of ICP assumes greater importance.
If a ventriculostomy device is in place, direct drainage of CSF to
reduce ICP is possible. Finally, high-dose barbiturates, decompressive hemicraniectomy, and hypothermia are sometimes used for
refractory elevations of ICP, although these have significant side
effects and have not been proven to improve outcome.
Secondary Brain Insults Patients with primary brain injuries,
whether due to trauma or stroke, are at risk for ongoing secondary ischemic brain injury. Because secondary brain injury can be
a major determinant of a poor outcome, strategies for minimizing
secondary brain insults are an integral part of the critical care of all
patients. Although elevated ICP may lead to secondary ischemia,
most secondary brain injury is mediated through other clinical
events that exacerbate the ischemic cascade already initiated by
the primary brain injury. Episodes of secondary brain insults are
usually not associated with apparent neurologic worsening. Rather,
they lead to cumulative injury limiting eventual recovery, which
manifests as a higher mortality rate or worsened long-term functional outcome. Thus, close monitoring of vital signs is important,
as is early intervention to prevent secondary ischemia. Avoiding
hypotension and hypoxia is critical, as significant hypotensive
events (systolic blood pressure <90 mmHg) as short as 10 min in
duration have been shown to adversely influence outcome after
traumatic brain injury. Even in patients with stroke or head trauma
who do not require ICP monitoring, close attention to adequate
cerebral perfusion is warranted. Hypoxia (pulse oximetry saturation <90%), particularly in combination with hypotension, also
leads to secondary brain injury. Likewise, fever and hyperglycemia
both worsen experimental ischemia and have been associated
with worsened clinical outcome after stroke and head trauma.
Aggressive control of fever with a goal of normothermia is warranted but may be difficult to achieve with antipyretic medications
and cooling blankets. The value of newer surface or intravascular
temperature control devices for the management of refractory fever
is under investigation. The use of IV insulin infusion is encouraged
for control of hyperglycemia because this allows better regulation
of serum glucose levels than SC insulin. A reasonable goal is to
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