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The most appropriate choice of drugs for anesthesia in
a patient undergoing an intracranial neurosurgical
procedure is dependent on a clear understanding of
the pharmacological effects of the drugs as well as the
requirements for neuroanesthesia in general and the
specific case. This lecture will review the characteris-
tics of the ideal agents for neuroanesthesia and review
how some of the newer anesthetics measure up.

Rapid Onset and Rapid Offset
Intracranial surgery is characterized by periods of in-
tense stimulation alternating with periods of minimal
pain. Manipulation of the brain itself is not painful to
the patient, but the scalp, skull (periosteum), and me-
ninges are well innervated with pain fibers. In addi-
tion, traction on cerebral arteries, as well as sensory
cranial nerves, can be painful. It is therefore desirable
that one’s anesthetic/analgesic agents can be rapidly
titrated according to responses.

Maintains Hemodynamic Stability
Cerebral perfusion is dependent on maintaining an
adequate cerebral perfusion pressure, which is the
mean arterial pressure minus intracranial pressure
(ICP). In many patients some degree of modest hypo-
tension is well tolerated, and in a small number of
vascular patients it may even be desirable. However,
ease of titratability and predictability of hemodynamic
response are important.

Decreases Cerebral Blood Volume
Although the intracranial blood volume constitutes
�10% of the total intracranial volume, it represents the
component most easily manipulated by the anesthesiol-
ogist. Unfortunately, technological difficulties such as
accessibility to a PET scanner have significantly limited
the acquisition of knowledge regarding the effects of
anesthetic agents. Newer techniques based on computed
tomography or magnetic resonance imaging are now
more available and allow for quantitative assessment of

regional cerebral blood flow and cerebral blood volume
(CBV) but have not been much exploited yet. We have
used a computed tomography based approach and have
studied propofol and isoflurane in the normal brain and
in animals with brain tumors. Propofol, even at normo-
capnia, significantly reduces CBV relative to isoflurane.
Hyperventilation reduces CBV in the presence of isoflu-
rane, but CBV is still higher than with propofol.

Does Not Alter Cerebral Spinal Fluid
Production or Reabsorption
The cerebral spinal fluid (CSF) constitutes approximately
15% of the intracranial volume. As it undergoes contin-
uous production and reabsorption alterations in either of
these variables could result in an increase in the CSF
volume and, thereby, an increase in ICP. Enflurane has
been shown both to increase CSF production and reduce
reabsorption. All of the newer agents appear to have
minimal effects on CSF dynamics.

Decreases Intracranial Pressure
Preventing increases in intracranial pressure is an impor-
tant goal during neuroanesthesia. It is therefore impor-
tant that the drugs chosen do not increase ICP. Ideally,
they should decrease ICP, if already elevated. Sevoflu-
rane is like isoflurane in that it does not appear to in-
crease ICP if used with hyperventilation and at a con-
centration of 1 MAC or less. Although there has been
controversy concerning the effects of opioids on ICP, the
reported increases in ICP appear to be mainly related to
the associated drop in blood pressure with compensa-
tory cerebral vasodilatation. Propofol not only does not
increase ICP but has also been shown to be effective in
reducing elevated ICP. A study from my laboratory
showed that propofol was more effective than hyperven-
tilation in reducing acutely elevated ICP.

Maintains CO2 Reactivity
All of the current commonly used anesthetic agents
maintain the cerebral blood flow response to changes
in Paco2.
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Maintains Cerebral Autoregulation
The full extent of the cerebral autoregulatory range has
not been tested with the currently available anesthetic
agents. However, within the clinical range of blood pres-
sures, autoregulation has been shown to be intact during
propofol and remifentanil anesthesia. Unlike the older
inhalational anesthetics, autoregulation appears to be
intact with sevoflurane up to 1.5 MAC.

Allows EEG/EP Monitoring for Ischemia
and Seizures
The electroencephalogram (EEG) is unfortunately sensi-
tive to all anesthetics and becomes markedly depressed
at the upper end of the clinically relevant dosage range,
hence its use in depth of anesthesia monitoring. Con-
versely, inhalational agents have a profound suppressive
effect on somatosensory evoked potential monitoring,
whereas most IV drugs have less suppressive effects.
Opioids have the least effect on the EEG and evoked
potentials, but this probably reflects the fact that they are
inadequate or incomplete anesthetics.

Does Not Increase Cerebral Metabolic Rate
Intracranial neurosurgical procedures have the poten-
tial to reduce cerebral blood flow relative to metabolic
requirements. Such compromise is usually focal, for
example under the retractors or temporary vessel oc-
clusion during aneurysm surgery. It is therefore im-
portant that the anesthetic agent not increase meta-
bolic requirements, and it would be preferable that
they are decreased. None of the current commonly
used anesthetic agents increase cerebral oxygen con-
sumption; the inhalational and IV anesthetic agents
reduce it by up to 50%. Opioids at the usual clinical
doses do not greatly influence metabolic rate.

Anticonvulsant
Neurosurgical disease and injury are associated with
an increase in the likelihood of seizures. Anesthetic
agents should not increase this potential. Anesthetics
that may be used for sedation in the intensive care unit
should be anticonvulsants, making them useful in the
management of status epilepticus. Propofol is a very
effective anticonvulsant and may be used in the man-
agement of seizures. The occasional reports of seizure-
like movements with propofol are, in the vast majority
of cases, not true seizures but rather reflect abnormal
movements. There are, however, concerns (e.g., of
cardiac failure and acidosis) with regard to the pro-
longed use of high-dose propofol infusions. Recent
reports show that sevoflurane at 1.5 MAC or greater

can induce spiking on the EEG. However, clinical
manifestations of seizures do not accompany these
electroencephalographic observations. Opioids are not
anticonvulsant and within the usual dosage ranges do
not produce EEG stimulation. However, at high dose
they may produce spike activity. For example, we
have found a bolus of remifentanil 10 �g/kg to induce
spiking in patients with known epilepsy.

Decrease Edema
The brain responds to injury with a loss of integrity of
the blood-brain barrier and cell ion transport. This
results in intracellular (cytotoxic) and extracellular
(vasogenic) edema. The effects of anesthetic agents on
edema in the brain have not been well studied.

Protect the Brain from Ischemia
As mentioned previously, neurosurgical procedures
are associated with the potential for producing (focal)
cerebral ischemia. The ideal anesthetic agent should
reduce the probability or treat any injury if it occurred.
This subject remains controversial but it is likely that
the anesthetic state produces some modest protection
relative to being awake but it is unlikely that anes-
thetic agents have a significant therapeutic role.
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